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Japanese Laid-Open patent Hei 11-274913 

PROBLEM TO BE SOLVED: To accelerate the operating speed of the CMOS logic circuit that 
suppress leakage current. 

SOLUTION: A standby circuit 3 is inserted between a 1st logic circuit 1 and a 2nd logic circuit 2. 
The standby circuit 3 inverts an output signal of the 1st logic circuit 1 and inputs the inverted signal 
to the 2nd logic circuit 2. Also, the circuit 3 converts the constitution of transistors(TRs) in a cell in 
the 1st logic circuit 1 or the 2nd logic circuit 2 effectively suppresses a leakage current in the 
standby state and contributes to the design of the CMOS logic circuit that operates at a high speed. 

Japanese Laid-Open patent Hei 11-282886 

PROBLEM TO BE SOLVED: To improve low power consumption property without increasing a 
circuit scale by inputting a cell consisting of a high threshold transistor and low threshold transistor 
and registered cell information, replacing a cell in a logic circuit and outputting new logic circuit 
information. 

SOLUTION: A signal value that is set to each node is calculated. An output of an internal signal 
calculating means 102, that is, a signal value that is set to each node in the existing logic circuit at 
the time of standby, an input logic circuit 100 and a leak cut library 103 are inputted to a cell 
replacing means 104 and the means 104 selects a cell which is for effectively cutting a leak current 
according to the signal value set to each node in the existing logic circuit from the library 103, 
replaces a cell, also replaces a pin when necessary and outputs a net list of an output logic circuit 
105, that is, a new logic circuit which effectively cuts a leak current at the time of standby. 
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(54) CMOS S}s ^ n -^^ * 0 vig 



£L<$ 



i>fflwH 3LS. Ala)- m^s\ 4f5L aH ^ ^^-^ £43*1 *)H» ^^7] 3* CMOS feel ;<ll^4 
Ag B }el £|3.*r CMOS 35. vflfil *l]l feel $5.4 *ll2 feel 33. 4<>H *ll^4. i^u}ol 33-fe *fll fee] $5-3 
•¥-&! Sl-^-S ^a1*}ji, ^^«>oi Ajsioi] 7lssV^ *ll2 feel 3j3.°fi #3^4. 5E$. CAD aI^^I ^1^ 

5l^c)l, 7 )fe ^-e] $S.fil >i-8r J1(S) JL 31*1^4 *!(<£) ^SlS) e^l^^Eil- ^1^, 



£ 1 



w 

10 - 0357509 

£ l£- -g- *1 €elS.. 

£. 2fe ■& 1^2} ^li <«J*M* £- A l$ 

£ 321 (a) 3 (b)^ 1^2] *1 #*H» 5L^. 

S. 4fe -& ^12 ^*H# S-*)® 

£ 5^ (a) 35 (b)*r -& *N.S] *«2 ^3. 

£ 62] (a) ^ (b)£r tfTjSl ^13 ^*H# £*HI 51^. 

£ 7* •& UK*! >fl3 -^H© S A l«r 

S. 82] (a) ^ (b)fe & *)l4 -^^Hll- 5.*!^ S.^. 

£ 10S1 (a) ^ (b)^r * *«3 ^ *fl4 ^Al^S) gel* JE^. 

£ us) (a)-(d)^- 7floim <ywV3 *#-a- s^ltt s.^. 

£ 122} (a) S (b)^ £- 1^2] *fl5 <ti*H* S^. 
£ 132j (a) (b)fe *fl5 ^^Hll- ^ltb S.^. 

JE. 142} (a)~(c)*r 7l#-g- 5L^. 
5. 15fe *l]2 ^etS.. . 
£ 16£- €• 1^2] m iWHr 

£ 1721 (a) $ (b)fe afli ^Sli- *WKr S.^. 

£ 18^ £ 1^2^16 

£ 1921 (a) ^ (b)fe £ 1^2] *fl7 ^A]o)t S.X\^ £.3. 

S. 20-& £ *«as1 *H8 -^H* £A]^ 5.^. 

5. 21-& * tt'S*] aflg ^*H» ^ A lti 

S 22*r £ 1^2j ^4 €e1» 5-^. 

S. 232] (a)-(c)fe 10 $ 

£ 242] ( a ) « (b)fe £ ^21 <&<H *])2 H^. 
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£ 25^1 (a) ^ (b)fe -g- *fl2 €e]# £*1^ 

£ 26* * iH^l An -y^H* 

£ 27-fr * 1 1 ^*H» £A]^ 

£ 28* *fll2 i^lti- H^. 

3E. 29fe * *fll2 <*i*M* £*1^ S.^. 

<£^2l -if ^ on cfltl- -¥-J:^ ^> 

1 : *)li feel aqs 

2 : *i|2 feel SjS. 

3 : i^Bl-ol 5|S 

4 : i^«V 0 l ^V(STAND-BY) 

5 : -a 3 ^V(INPUT) 

6 : #3 ^(OUTPUT) 
1^3 -SMl^^ 

tJ-^Sl ^ 

^*}fe 71* ^ zi £o><q ^efl7l* 

•& ■£ t g* *1^1 33-§- ^«lfe CMOS feel ^"l £3* ^*Kr CMOS feel SIS.* -«^*>fe CAD(C 

omputer Aided Design) *1 + ^ ofl ^. o] cf. 

CMOS feel 7floiE ( ^)^ t e) ^ f^oflov ^Hl*>oi. ¥^ 3ff-7> ^flsl-fe H-S-O^l ^Efl) -^Hfe 

^^Hl ^sj M-^-g 4eM, CMOS feel TfMs^S W% CMOS feel 3)3.fe ^€-2-S.^i .2.^ *1£ "S" 

o> BflElel# ^V-g-s>fe ^pcfl-g- ^^7lil- #3-714 £* 717H1 -fj~§-tt LSH3-. 

*W£ CMOS feel Tflolsfe 4^4 -§-^* f^*H fesl *ge}7l nfl£-°ll. ^<^4 

Tfl ^ ^ ^ ^^ISl ±U] ^fe *fl-g-ofl Bl5S*|*H ^7>*M1 SIS. 3L« *WB T *^ »1 ^ 

* } a\ ^7}^A €4. n*-*M. aiesl o]4U4- 7l*ofl ^sfl 4^si ^ ^3 #3 ^ u l7> ^tASMqa. 

o ls1 ^ =-tfl^ ^-g- ^iAl7i7l 3*H. CMOS feel flsil feel *!3-§- *l*W?lfe £ tfal 

*i « 0 ^°1 91A #« ^•a-olM- feel ^<=>) »V^- £°1 *i*>* °H. S^^l^Elsl ss}- £ 

5 #^*Ml sM, CMOS feel **J- #£fe €■ *1*>€4. °le^ 3E.il ^fi-sj ^l«>7l ^e>oi( 

^ ^1^€ Hfe *lfeel ^^-i- ^fe € isi ^» ^7l ^sH), e^^^elsl ^l*H?lfe ^^^l 

BjSlJi Sir!-. e}*l°>, ole^ ^^l, e^^^Sl g-^^sl #S>fe ^5.5- ^Hl S^l^iElSl ^ ti^r^ ^7>-& 



- 3 - 



io-0357509 



°>7H?m ^ MM) S«^1^7>-ol*« nfl, ^SSl *4#£fe *iS>3*RV ^ ^ flt*. 

321 Jl, *|«£) ■fM^W «>1** ifl. ^4 ^JEfe ul^ol H]^1°V ¥^ ^^-7> *7>S>7fl £4. 



*« *H*>fe JielslJi 5^4. 
fe oi s-*fl 7> tf €4. 

2= 57. ^oi ^a-i" £fe £«*|&3» o|-8-tr>o, ^SE«>ol £E *H ^ *M*Kr nHj* n fl. 

ol*^2j. ^ 7 >Alfl 3+7* Jfliq.. ol3# 3+4] 5)3-4 °fl# S. 14°fl SAl^Cf. 

*l JL 31*1 ^3 (5.3 *• SSAl5l$i-g-)^, 3*1 ^°fl 3*^**1 - 

«*1&e1(£* *0 s S>is)5a-§-)3. tMI* *i fl»H*M»*. 3.?]**= 34^^ xfl^ll *l 

*§4*ty 0 J«H3fe 3« Ji S-^Stsj SL^1^(0 s XAl^sa*)^. 3*1 

« *1 ^a^l H€*l^(* 3L SAl5|^)S ^sjol 5-Hr *U2 tlBlBlclt}-. cju^l- £ 7 ]SKr 3^3 xfl^ofl 

5ft°W Aj-^ofl ^tK> S-*]S*, SA] 7 > 7l7fl^ ^U^fe *H2 ^^Hl Sfl^^(°l*>. °1 $ & ^ 

Si ?1H1B.1# »*fl2 ?l«lEl"^ ^^4). 



£ 14S1 (a)fe i€»>«l -E^(cfl7l ) AH] Sl«. <Qmk°) «0"9l £^1*>J1 SA 1 ^. ^^.^ - 

««>oi s.s.-**i £\+ <3n&°} "0'2-S- °fl, °] sisiq ^^1 iiH-sl feel ^^I w > 
oi as. AH $3. v-flsl ^*fl iisal feel^ol ^2 &9l ^84-* "^««1- 0 1 ^sls>Ji 



i««M" «^ ^4 Sa«H>l «*l ^-^ fe^^ ^*SL ft« £J! Stt^l "fl^°fl. &««V.«1 SH. Al 

ofl ^ ^ = § o.s ^'<H^ =r Sife H€*l^Elsl ^-fe €°1 9X^. ^1 ^*>^. ^ ^ 

^^ ^-1- oi^-e><^ 21- 4 vfloflAl ^ fe4 ^ 5>fe sl^i^e1# ^^>7fl =§e>fe ?H 7>^-e>cl-. Jl ^ 

^sl isa*l^fe Ji4^^s. ^ ^ sa*l*, ^ ^51^1 s?|*l^fe «><4 ^o] ¥ ^ ^i^ 

* *iHtt ^7> Sirq-. t^efAi, jl &mks] JL 31*1^7} A«»>ol ^ A H =t * ^^ A -1 « Bl l^^ 
cl-^, i^H}o| 2.H. AH Jf-M ^^-fe 3l4^^-S. Sa^. 



£ 14S1 (a)» cH -i^^ <?]b1e1 ^oi ai-^- sto] "o»^s 5Ufe ^€«>»1 -**fl7> Sa13<h ^tj-. 

^ 7 ] ? fl^ 4 ?1^Elsl ^-^o,] oj^^v ^7>fe ci^naiLSL «lel aj«8*l ^ icHsl feelslroi^. 4 ^cdfl tfl^ feel 

^*>7l ^l«fl, Jl ^StSl H€*1^E1(0 3. SAlslSJ^)fe 341 ^1»1E1# Ai^SLSM X) i olalel^ ^12 
♦ ScflS. Bfl^l'Q-o.k^ *J-aJ- OFF AjEflS. =r 



£ 145} (b)Sl- ( c )fe. ^fe i^E«>°l -^Efl* °l-8-*H.4 -A LflSl SL^liEW ^2:7} £ 1 

4$ (a)^l v+^-^l S!tH3 ^^1 S.A1*}31 Jftcj-. 
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£ 1421 (b)*r "0"°1W "l'S. 34 £2.7} 443fe €4 43)4 44. 4 5i4 ^44 "H"fe 3 

^43 J=€4^43 ON 4** 5=444. 4. 34 ^ £27} "0"°fl4 "l'S 444 «4 67t|^ H44^4 &n 
Jo)H 3. 3-343 J=LSS4^4*r 4 43a, 4 3343 J=3i4i4*r 4 <2-=44. 4<£4 43 44, 34 43 £ 

±7} -0-4H "l-s. 344 m. 3. 3-343 £3!4i4*r *U3 ^^oji cflev^ *44ss. 33-3 44 45ife 4 
44 * 44. 444. *°1 •JNHH ul 4343 £44^44 « 444*11 tfl44 444te 344 4^ 

4 44. 

£ 143 (c)fe 34 43 4±4 "l"o(M '0«<LSL 444*r 4«H* 5L44a satf. 4 £4 ?<* H^l^ " L "4 4 43 
43 £314^44 4 43^r £4 5=444. ^, 3 3 45.4 "1"44 "0"^.5. 444 A. 67113 £«4^4 

4 4 3343 s«4^4fc 4 43 a, 3-343 £44^4 4 i*^. 4*4 44 44. 34 43 4*4 " 

r «||^ -p.. o g nfl 4 3343 £44^4^ 3^3 4444) 444 ^4«tB£, 3)3.3 44 4£te 444 

- 4sM 44 443 44 4£¥ 4 3343 £€4^444 4*134 343 44. 2- 43 

3-343 £€4^4* 4444 44 <844°11 34 444 43 a* 3^4 * 44. 

new £ 144 (b)3 3*. 4*4 44 44 4. 4* 43 4£4 -cr<4>l "i"£ 444 4 a. 3343 £44^ 
E ^ ^4 4444 344 #444 4541 *4 ^£4 44* * 44. ^444 43 443.44 *4 44 
33 ^oi 434^. 2. 3343 £44^44 44 44 444. 33.3 44 #^4 ^444. 

riticai P ath)s.4 ^1^^ «3 ^ 4^s*^ ^4 *<ls4 *4 4=8 a €-3^3 H«4^ 

4 si«(l 4^^s. ^4 3S-4 ael^^ 3s.s.Ai 334^ 3*4 S4. 444, «4 *4* 4i«4fe 4 
^ ^ = § ^o]t}7} ^4^ ji- ^ ^-^sitsl js^i^Eit- 2:^4^ 41. 3 4^14 ^4 ^s.^ a ^-^4 

5 HS»4"^ n(|«-«fl 444 * Si4. °1214 3*. ^4 44*1 44 ¥4 44« *)H4i4 4^ 44 <* 
4 ji. 4-€-4i]t4 4 e^^iiEii. oi^-ev^ 3H1 4^ 3 ^lfe 47>^44. 4*4 44 *<>1 33 
^h] ^H^>7l 340I Ji- 4 &343 H44^i- 44*1 °I44^ ^4 47113 HEI 9-462i2± * 
iL^I 71)45)^ Si4. 



£30^8-*^ 4*21 ^1 4AHS.4 ^4 «f7l13 HEI 9-46212S.3 ^3 SjS(44 4?U3 HEI 9- 46212S-S1 *Jt 
£ iofl £A]sisi4)# £44^1 stl4. Si*. «.9. io. 11 « 12^ 4 4^43 MOS H44— 4s. °J«1e1«. 
134 a §^43 NM0S4, 14fe 31 §-^43 PMOS H€4^§, 15fe 4 ^^43 PMOS ^^4^1-, 16* a 
€-^43 NMOS JL€*1^3# 44^a 44. CL £27} "l-olS. *CL 4S.7> "0" ^4, H«4^(13. 14)^ 
44a 444(9 10 11. 12)4: *4 4^4 44:444(9. 10. 11, I2)fe 4 444 443 MOS s«4^4°l 
7] 4|^ofl zl 44 44. 44, CL £27} -o"4a. *CL 4*4 "l" ^°fl. S44^4(i3, 14)fe 4 i.=4a.. 
°i44(9'io 11 i3)fe ^44°l(47l) as-4 44. 444^444 as. 4^. a. 4^4(13. 14) 3 s«4^4 
J 3 iLH(ji ^-^4(13, 14)3 £44^4^- 4 «4I4)44 . VDDS.44 444(9, 10. 11. 12)# 

4^ gnds. jl = fe ¥^ 4ff-fe S:44AS. 4444. 

zi44, 47113 HEI 9-462125:3 ^£L°il 7 fl44 a- 4 4343 4 3=44^4* 4444 44 44 
4fe 4^(£ 30°11 71144 4211 4^)4 443 4*114 4a SU4. 

44. £ 30°fl £44 ^4 47113 HEI 9-46212S: ^513 £ H £44 44 $15.°H Si44, a 434(13, 14)3 
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34fe<?144(9 10, 11. 12)4 =L44 44.2^*1 SlS4 J^om^**jl^^ 444444 
$4 44$ 44S}fe 44 4S4 ^44 ^-g- Jg7V*fe 4* 44£ 444 4*fl ^€4. 4*4. 4«*H *W 
o]444 *4"f-4l 44 2]S.7> 4. 2. 3-4#4 S. €4^4 37^ 4S4 ^3 4^7M 44 £ 

4444 tt4. 444. ^-^ ^fl^ HEI 9-46212£4 *Ji4 444 4^ -2-S4 4§4 CAD 4i«* 4**H 4 
S4 <g*|* ^«4fe 4fe 4+ 434. 

f-4 3 §-4&4 aIt? = €4^4 (13. 14)4, H £-4&4 ^4^4(13. 14) 3 <il44(9. 10. 11. 12)# 34^4 
flfe^Sf'tli efolo] .8.^44 «J€4|. SIS. <844 frtflSU. #51*11 SjS4 42 Ml** *7>44fe #<£o} S\3L 

444 ^44 s-^j o. s . ^ S-4&4 4 £^4^41- °l-g-44, &*»M as- A H fe^ 4-f?-* 4 
^ 5^ ^a]^!, 4-4 £144*1 4s4 43 <£^44 4s4 *4 « #44 

^t?4 ^4"# 5=3-44 44: 4 S* 4^4 Sa4. 

^4^^4-8- 

fe ^Sfe 4i feel *2 fe4 sis AW 0 * »H444. ^44 7l^*H 4i feel *3 *!:S.l- 

4:444 42 fee] 4s4 <y444fe i«»H 4s4 a 4KH safe CMOS fe4 4s-i- 4^3:4. 

4 &4&4 « B«4^47}*44fe4i fe^ 3s4. *l 3^-4 #44^44 4!^7>«a^ 
4fe ^1844 4s4, ^44 4s4 #34 ^344 Ji- 4 fe4&4 2=44^4* *444fe 42 feel 4s* 
i?J4fe4 n *3 4 &fe CMOS feel *H*«4. 

fe ^gfe i«44 4S7> 4i feel Sjs4 ^2 feel sis a>44 4^44, ^44 *i£<>( 444 41 fe4 4s4 
♦4 -tlx* 4:444 4 £44 *J3l* 42 feel Slsofl «a344fe4 =L 4-44 safe CMOS feel 4s4 f-4 
-§-4^4. 

-g- tt'g* ^ h^1^e17> 41 feel S1S<*1M ^-2ls)Ji. 4i feel SUM i^H -ili7> 

A^^oi 43.41 <8^S|4, i€«H ^ssl #^01 42 feel sls4 « ^^a, *1 H^l^el7> 42 fe 

si SlSLoQAi ^^£]^4 3 s.^iol Slfe CMOS feel SlS^l §-2l » 0 vg-§- 4*«^. 

£ $ -g ^fe feel S1S7> 41 feel Sisal 42 feel s]ss i«»H S1S7> 4l feel 42 feel 

slsVH 44^1^. 41 feel sis4 42 feel fls 4^1 H^l^ ?i7} ^©sjfe^l ^ ^°1 safe CMO 
Sfcel sisal ^4 4^«4. 

^ feel slS7> 41 feel sis*} 42 feel siss ^s)ai. 41 feel sls^ 42 feel s]ssl ^^-4 

sls7> 43 feel ^*>°1 ^sl^. flss) <a^fe 43 feel siss 4i feel sis^ 42 fe 

el s]ssl 4 xfls) = igui^sl ^27> ^$^fe4 3. safe CMOS feel sis^l ^4 ^°1 4*€^. 

^g. «V£4 S1S4 43.^ i^wfo] 2.= 44 ^^-1- e4^^s 4<H*l-fe 3sfe Ji- a] ^aal 

« JE^l^em ol-§-«H ^^ni, Slssl #£fe si ssl HelEl^ ^ssl *\<& 4^* ^i4^J^s4 

^ sa^. 

£ £ 30S1 ^4 71*4 «^*H 27>42l f-4^. ^ 5J*«. sis ^* ^7}*>fe At 1 "fl*^ 

4#si cad 4^^si -§--§-0] 4^- 4^4 4fe §-4^4, *4 *Jfl- ^^4^44 4-S-4 sis. 

4 37l7> *44fe ^-4^-i- 4^44 444 4tb€ 444. 

fe ^fe 44 -ilx Jfljiofl 7l£*H feel sis4 4 ^4 ^tls:^* ^44 444 ^ *!3:s4 44 ^ 
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^ %s.# feel sis 3a# ^<41*H; ^fl* ^# <r#4. °1 ^H-r- £2- tf# vfl^. Ais 

« <sn *i±3.*\ ^-ti^fe * *i* ^-i- °1 °fl *1 Mft^l S^l^s. tMJ« € ^fls} fe^ sis. 

^4 4 ^iLfe feel vflsl -t *|«* titf fee] 33 ^iL» &fe 3* *l-fe 

>a *1£ A]>tfl4 *11^4. 



^ ^-tg o. iSfltgoil Sis ^Ji. *>]a) ^iL. fe^ 3 a ^ *i S-^&s] 

e^iaeis 343 ^oi feel ^* ^^*>7l 3*V°1 4 ^Jil- ^-tl*Vfe 4^4, "lei 

^iL2f SIS. ^3 H *1*J~§- o^^H fee} 3qsS] 21" ie<=Sl ^Jr^-g- -a-#*>fe ^4 £2. ^3* ^Hl*>fe^ ^ 

*^<>1 5Ufe <fl *1« 

^.igj-^fe fee j ^ S n)e| -tlJ: ;gi£7} n]e| ^13: 7l2;SM feel S]ss] zl- ic=sl 

* AV#sl-7) U^sH. ^°1. 4*« ^ 41*3*. feel sis ^ oL- 7] S-^asl s^l^s. 

^o] ^5)<H ^fe -t feel sis. ^fls] €^1 *4 ^Ifl- feel sis ^Jtl- #^^17171 ^*V°^ flMte* 

n s.^o| jl^ Sis. vflS) -gSl *1£<H1 cqsfl Alfl- feel SIS -fr^A^fe *ift « 0 v^^. afl^tM}. 

l^fe s?a^^&) efl^ofl 4t*« sis ^Ji, "lei ^€ ^.SLSl- feel -8-^*1 fe 3^ ^ *l 

si «**i&ei* <8^*Hr €°i ^=i<h safe n ^^7> feei ^* <««*m a*h "lei US- 3 

S)S vflo] ^ oi^-s).^ feel Slssl zl- ^s.fi] -tl^St* -t>#*>fe vfl-?- ^% u o^°ll ^ ^-^ 1o 1 Slfe 

sis tflfil -isi ^l«r-8- **11 feel sis ^iL» #^47lfe ?1«: »8-^* ^l^t!-4. 

^-^fe "lei ^€ -tli: vfi^- 7las>^ feel S)s.si ^ ^#«>7l 

feel S)s Dial a] si $2.7} <Qns\^, fee] slsa)-, *1 &mks\ m.^]^S. €°1 

i =8^.7> feel Sls^flal -is] ^1€-* *«« -tlfl-feel sis 3a* #^ A l-7l7l ^&>^ -y^slfedl a Slfe s]s 

tflsl >gsl Al$* -f-sfl ^Ifl- feel S1S# #^^l?lfe -t ^l^r-i- 71^-SVfe "B^* *G*«:**. 

^. ^.tgfe E^^Ei ejl^ofl a£i$# $3. 3a, olel ^a, feel ^°ll ^-2-^- ^1 5? ^- ^1 

e^l^S €°1 ^5}°1 5!ife -i 3iL7> nlel SlS^fl 7l2:«V^ feel 31SS1 2}- 

t co] Aij:^ -t>#*>£^ ifl-f- -tis: -t>#* ^^s>7l ^1*H <a^slfe^ n m<>] sife S|s ^flsl *«fl fe 

el 5\5L #^^l7]fe € =S^.^ol 71^-^1 71-s- oflsll*. ^l^tb^-. 



£ t^Sl -S *1«- Al-i^ofl 42^ -i^a>ol S.B. aHI fe^ 3l4^^-S 7->^^- ^ 71^31 3^-8: -9r 

W - oife fe^i sl^fe 7l§sl feel slss^-El ^7l|* ^ S!l4. iH*<>T. ^ * 

CAD *l^fl<>l ^Tfl ol-g-^ ^ 6.^, ^ ±v] ?m ^-g- 2>fe «V£^ SlSfe -i *|*«-<>1 «8«fl^l7l 

(^itb 3+ *» ^^^l^), ^SSl H7l7>^Sl-fe °J &o] >g7fl« ^r7> Sic}.. •& t^^l >i Al^ 

Ai^^oii feei ^4 « ^ sa^-H. 7«^7> sis -m^hi «a« ^ sa^. 



ole^?v ^- ^sl ^!3fe ^^as-^ei ^joirf. 

7lfe£0l4. £ H 7}^- 7fl^fe ^7>(INPUT)(5). ^ll feel SlS(l), i^H> 0 l ( 

STAND- BY) (4), SlS(3). ^12 feel S|S(2) S #^ ^> (OUTPUT) (6) S sa^. i«»H Si 

S(3)fe ^1 feel SlS.(l)fil- ^2feel S)S(2) a}°M ^^l^^. ^€«V«1 ^7>( 4 )S^-e1 i««H 



i^lBfo) Al^fe 5l5.7> i€HH(cfl7l) S.= t+ S.H.^11 Si^fe ^^-flcK d^ol, ^^B}ol SjS(3)fe ^1 1 
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fe3 35(1)543 ^Ajjg <Q<% hV^aH o] HV^^ -il3L# 32 fee) 35(2)3 3333fe 3fe-§- ?< v fe3. 

i«BH £LE 3, ilg«}ol AlJl^- ifB}ol S=7> ^j-§-^4fe 3* 33^3(33$ ^Efl§ »^^«M A]^ -frji 

33"3:n. S^33). 33 33. 32 feel 35(2)53 Aljr^. ^n\o] 35(3)3 3*fl 3333. ^3 a] 
ofl, i^uVol AlJlfe 3-1=7} 3-§"3 ^(3*13 33* «^^n}ol a]^ ^2:33" 3^ .2.333). ^333 35 

(3)3 33 -tl^. 333 3H33 3333. c^a] £33, >:^B>ol 35(3)fe -f-^ EE AHfe ^33 «33 

33". 333 i««H 3:£3 =^333 35(3) 333 3* 33l» 5. H E3ij}55(3. 



[g 1] 











A 






A 


A 



S lfe >i333 33:7]- -fi-3:3 3. ^ ^333 3.^7} «1. 3l feel 35(1)543 35(3)53 <y 

3 -tlJife A33, ^333 3S(3)3 3J:fe /A("A 3")3-g- 333 s &3(/Afe A3 33&33. e3 ?^3fe 
A 33, £3 33, v^. w^a] 3H 333 &3 a}^^ #33. ^333 33l7> 3, ^ 

^3 S.JL7}- ^33 «H. 3l fe3 35(1)543 ^333 35(3)33 a]^^- «V^§ife A53 #333. 3^3 

33 33. i?!«}o| Aiji7> -3-3:3 1, i?!4 0 l 35fe 33 33 Al- 3333 #3 /a* *tl-&3:n. ^333 33. 
7> 43:3 nfl a] jr A3 33 floi a} A s afl^t}. a Hi £ Al^. ^e) 3fe-i- ^333 337> ^J3.7> $13. 



£ H E33 s)s. 42fe 4 £33 31 3333. 

E l3 £.Al£ -vig^ fS7} 3<£3 S3)3-&-§" 3^3 333fe 3* £ 23 £ 3* #2*}°] 3333. 

£ 23 £ 3fe 4 £33 *fll 33333. 

E 2fe ^333 A]ofl fi^Jf ^^2KINPUT 5)<>1 "0"°1j1. i€«>°l 'il^- (STAND - BY 4 °fl A i ) 7\ "Q"°.£. 
<H -ftjL i^ul-ol ^l^s>fe i^aV 0 l ^ ^13 S)S.» 3EA)*>al S^:, £ 3fe ^€3°1 -US-?} 

# a^h} 0 | ai^s. *n^s>7i 3*H "rs. -i^^ s. 2 3^.3 -2.^3 ^« £*l*Vai sa3. 

e 23 £ 3<H1 °l-§-€ s.^ ^-itfei i3 s.'S ^i3 ^3*>3. 3s 5E^ ««|^ Sti3. 3sfe, <a^ i&7> 
(5)^1 ^^3ai ^lls ^#^ 371)3 ?1«1e)s ^€ ^li fe3 3s(i). ^7s>(6)<fl ^^3^ ^l^s ^€ 3 
7fl3 ?I^e)s »] 2 ^e) sis.(2), ^ ^li fee) 3s(i)3 ^12 fee) 3s.(2) >M-°H »fl3^ AND 7H°lH(3)s 
^« i^3°l 3ss. ^3<H 

E 23 5. 3°11 EA)tb 3S ^Sfe E 14^11 EA)?}- a>3 ^-o] _ <Q ^ ^-7>(5)3 #^ ^3(6) 4°H «1I33<H 3ls 
67)13 ^1^3s. ^P-^JS fee) 3s» ^^-¥-^1 37113 W^s. *i fee) 3S(i)3, 37B3 ^1 

HlE^S. ^12 fe3 3S(2)S ^-^*>ul. o^g. A>o]oJl ^^«>o] 3}5.(3)* ^2:013. ^137>, ■& 3s3 

x!<H3, ^12 feel 35.(2)3 333 ?13353 °l-§-^ es£3^33 ^fe E 143 H^!3^33 ^3 nP-t 
€3. E i4°fl3fe. ^^-¥-3 37113 °J33fe ^12 ?133. ^li "5133 ^ ^12 ?1333 ^^-5 *1)333 $13^. E 2 
3E 3<Hl3fe ^12 fe3 35(2)3 37l)3 <?!33fe ^r<?133. 42 ^133 S *Hi '51333 ^E5 SZ3. 
3^-8- i«33 357> ^-^33 Sl3 3-S-33. ^€33 353 ^- < a°l1 3*0. ^€33 ee a]6H 3s(i) 
5-?-3 #3^a -tlJife u J^i3 3-§- 32 fe3 35(2)<H1 ^^-33. e i4«fl E3t!- ^3-¥3 ^1333 »ll3<>i)3. 3 
3^3 ESS3^3(« s S3^)fe € EH33 fe-M 3^1- ^13^ Si3. ^€33 ee 3^ fe-M 3^-1- 33 
37) 333, i€33 ee ah ji §-3at3 333(0 5 a3^ e^^^E))!- ^ ES33fe t 1 ^} 
7> si3. 333. "?133s) a)i*)^r ^^33 e^ ah j1 -S-3&3 333 ( 0 5 a3€ s^3^3)7> 3 ^. = 3e3 
e i4°ll E3^ 33543 ^^S33. 
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o^] s_ 3^. ^SH. $ 7fl^ £)3.7> 27fl^ ^^^-S. ^^5)j1. 33.7} J3. A}o}o)l ^5W. S\S.3\ 

5.&*|^E]d| ^7 r ^S]fe °l-frf- <gig$b4. 

£. 3 s] ( a )^ Aljr ( INPU T 54*i)7 r "0"«1H "1"3. 3£«rfe -£*J1» £a]5>jI ^ ^ s. 32] ( b )fe <y 
3 -till (INPUT 54>H)7r "r<HH "0"^.S 3l«-Srfe SL+]Z}3L $14. 321 (a)s4 (b)4 5a<H^. STAN 

D-BY 4°fl^ i«»H -tl^-fe 7) nfl^ofl, -tlJufe ^fcuM 33(AND 4 °1 ^ ) (3) 4 2}*fl ^S^l 

H>o] ^ 3. (AND 4°l^)(3)fe u^ajs} <3^g- 



£ 33 (a)<4 ; Sa<H>H. 4l fe3 33(l)fe #43 <?1»134 tH«H, ^ €"3&3 E^7)iElf %l ^Al-7lji, 7] fi-^S 
fil SMiElt € £ = <M*!4. ^. 3. S-3&3 £«*|A3te 4l fee) 35.(1)2} 1-4 4*H 5- 3^1 

(a)3 3412 fe3 flS(2)fe €43 o]B]E^ tfl«H, ^ S-^&a] ^ iLHAl^. ^ ^ S-3&3 

^^fe ^)]2 fe3 33(2)3 si-¥-«4 cfl*>^ 3-eM, 4i fe3 33(i)4 5fl°H. sis *2E4*13 ^ 

7>3 ^ §i^ a J. 42 feel 33.(2)4*13 #513 *^Kfr «4. 



S. 32} (b)4 5a<H^. 4l feel 33(l)fe €43 °1^eH rfltrH. *1 S-3&3 ^ ^1^1 ^}r, 2 *3 

&3 iHAltlc).. *| -g-^^ 5.*a*l^lHfe4l fe3 33(1)3 €-¥-£-4 tfleH -S"^^. S- 

3 3\ ( b )fi1 »l2fee] 33.(2)fe €43 °J»|e^ 4*H,:s3-3&3 3 ■ **M*Hh ^ £<S 

S iHAi^icf. i §-^#3 e^li'Hfe ^12 feel s] a (2) 2} €-¥-§-4 tflsH ^^1, 4i 

fee} 33(i)4 #4^. 33. **r #£4*13 # Xl^, «^ v fe 42 fe&l 3s.(2)4^fe 



£ 14<^] Sa°1^, ol«l« -Jl^^fe £ 1421 (b)2l *Q -#^7} ^EflS-^Ei ^2}- 

EflSLSl «o) q-B^vfl7l Kfl^-ofl 5Le|E}2j ^ ?V^€4. °1 e^ ^ *^ ^1°!^ f-^ 

* ^ ^^21 SJ*-^, °l^^r ^21 ^^--i- 31 ^ Sl^. ^em. 5. 3 0 11 

J£ 14°)1 ^l^^ <gol 27))S] O.S. JL. ^^£«Vol 3£lS.7> 27fl2} AVoHl ^^S]^. 3S.21 

-a 1-H2} E^A^o] ^7]- ^. 3 o.<4 ^-o] ^ nfl, ji g.^ ^S] e^^j^Ei^ o)*\£\ <gS} w>6fl^ ( in th 

e half of the inverter line) t>iS ^^i. 3el^^ 

^« oie-1^ oj^E-i ^Sl ^-i* ^ Satr. °le1«: ^^°B €■ ^1^* °> 7 lt!: ^S.7> 3 

e}e1^ 7>^o] ^^4.^14. e^l<a*^lAi^^ safe ^# ^-§-2)^. 

zieltV €■ *13-§- °>7lAl^ ^ Si-fe ^S.21 X|s|ol ^ 3e}El« 35.3. ^^=)fe «?fl € 

cf. °le1?b 4^^- ^el^oll 2]«fl, aelEl^.^ss U2} ^S2] ^o|^ ra>s^) ^ S?S.s1 



£A|t> ^ *^^|'«Bl')# <a^r*rfe « t 8* a|-8-Alfl o.s*i. HelEl^ ^S2l ^l<a^ ^ Xl^. 

£4 S1S21 ^ ^JEfe *r 31. «VS4 3iM ^51 <H ^21 ^^rf. 

£ 421- S. 5fe 42 ^^Hl# ^icl-. 

£ 4fe >i^!«>ol £S AH <2] «- «y^5t(IMPUT 54Ai)°l "l"?] i^w>°l ^ ^2} 3S.» &t±. o}^^ 

^^a-I i^!«>ol -i] Jl^r ^€»>°1 Ajil- -B-3l3«>71 2lS]-o1 TS. ^^^4. cj^-ol, £ 5fe i 4°fl M« 
3S.2] ^VEfls £Ale>jl SM. 2. 54 5U<Ha1 ^€«>ol ^JJ:fe ^ssl-*>7l ^s}^ ••o-o.s. ^Jg 
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£. 44 £. 5H £.4 JfjL^r £ lH £4 43l4 °J*142, =L Ha ?2£ -y*144. ^. Hafe, 44(5)°H 34 

s\jl Q^s. 344 3?M <?1^e15. ^€ *ili fee) Ha. «4 44(6H 34=M 344 37114 4^3. 
^4 *«2 feel Ha. « *fli fee) Ha(i)4 ^2 fee) Ha(2) 34sU OR 4°laa 4^4 iflaW Ha 
(3)a^H<H 5U4. 



£. 44 £ 5<>0 £*)4 Ha £ 14°fl £44 44 4°1 ^ 3 44(5)4 44 44(6) 4°H1 Hfl*l£U 4la 

344 67flH $1433-4434 Xlfefee] Hal-, 444°fl 37j)H 44E13.444 fee) ^s(i)sf^«l 3 
7fla) 9l»\K\g. 444 *]2 feel Ha(2)a -g-44^. °1# 27l|H fee) Ha aH^ ^^w>°l Ha(3)# 4^4 4^°) 

4. 4*14, £ 14ofl .£^67tiH °!»lEi3. 444 H3H *fll $1^4 *ll2 44E)H Htfl 44fe s. 44 £ 5°l]4fe 
jn. 43)3 sM 5U4. 4, *lli feel Ha(i)H jatfl 4a|^ »i 2 <?]b)e171- 44a 44. £ 44 £ 5H i<a4 

°1 ^3 43]fe ^3 44(5)°I14 H4 4 0 1 4 £ 144 4<>1 "0"°1 ^<ffl4°l Ha (OR 7)He)cq 

4^1 H*fl, *li feel H3(i)34e| 444 43ife.44=U. ^44°1 a], 44(5H "l" ^ ^«4°1 « 
4(4)^11 "l-aAi 42 fee) Ha«Hl ^-g-44. 



£ 14i $i°14 7.] e^fl^] 3 SAl^l E^l^Ei)^ 44 4 i£S.^ fe^ 3-n-fe 44.4 4 Si 4. 

44(5)*fi4 $)4 4J-4"i"<a ^44°i jz.h*h fe-g 444?i #44 ^€-^4h ^ek o 

a xai^ h€*1^4)4 — ^54°! £— *H 4 -2-=Hfe ?27} .s.444. 444 *fli feel Ha(i)H 44 

E"| 3] Stfl B))^ £4fe J7 €4#4 olH^El ( 0 3 5^4 H^l^iE])7> i^4°l ££ *H ^ £=4£4 £ 14^1 

3Ea)^ 3|s.H stfl £>H4fe 4a^l 4444. 



o]e>, s 5# « 7i]H Ha7> 2 7flH «.a ffs|ji °1 27flH Ha 4*1 °fl ^^4°1 Ha7> Aj-<aHH. fe 

Ha ^H H€*l^E}a) ^2i7> ^^^v 44 ^-S- »fl*l# ?Jfe 0 l-fi-°fl ^4°^ ^^44. 

s. 5H (a)fe <?J^ 44(5)*fl^ 4^4 "1 ,,6 1I4 "0"*.a 444fe -S-4 -841* ^143. 5ife 4^3. £ 5H (b) 
fe 44(5)*fM 43i7> -o"o)14 "ra 444fe -S-4 4^1^ 2.7-142. si4. s. 5H (a)4 (b)^l ^Jt^^, ^ 
€4°1 ^4(4)°)lAi^^4°l >Ji7} ^-s-olai ^<a4°l Ha (OR 7fl°lS) (3)fe ^=1^ ^4* 4?1 43:fe 
i€4°l Ha (OR *M'£.)(3)4| Hsfl 44H^1 e^fe4. 



S. 5H (a)H ^11 fee] Ha(i)ofl 9X°]^, 91*)^ &*<%*\ s. ^StH JE^l^fe 4 fe4s. ^ €-^5):^ m.®*] 
^E^fe ^ £=44. ^, n §-^StH a^^l^Eife ^1 fee) Ha(i)H 44°^ ^444. £ 5H (a)H fe4 

Ha(2)°)l °a«H4. 4«HEi 3*)HAi ^ §-4s)tH a^l^fe ^ ^-4^. ^ ^-42):H a^^l^Eife ^ J2. = 44. ^. 
^ ^-^4^1 H^^liEife *f|2 fee) Ha(2)H ^4€-°fl tfl4^ -S-444. 444. ^li fee) Ha(i)o)lAi, ^)s.s) 
4 #£fe 44* ^ 8J^]4, ^112 fee) Ha^l44 s\s. ^4 4£fe 44* ^ SI4. 



s. 5H (b)H ^ili fee) Ha(i)°11 5a°14. 4«1e1 44°fl^ 4 fe^4^ a^l^E^fe ^ -8:42., 2 €-^SH a^i^l 
^E^fe 4 ^.=44. ^. ^ ^-^4^1 m^l^^fe ^li fee) Ha(i)H ^44°11 tfl4^ -5-444. £ 5H (b)H fee) 
Ha(2)<^l 91°]^. °J^Ei ^^1^1 ai s a^^l^Eife 4 fe4^, ^ -S-^&H a€^l^E)fe 4 i.=44. ^. 

ji §-3#s) E^^j^Elfe 42 feel H a ( 2 ) H 444^1 tfl4°l 4444. 444. *fll fee) Ha(i)o)l7.-1 Has) 44 
4£fe 44* 4 S1^14, ^12 fee) Ha^Ais) 3)s. 44 4sfe 444 4 ?i4. 



4^4 44 44 fee) Ha# 444^1 a.e)E)4 44Hfe ^a<^l ^444 Ha# 4*y4fe 4 4i 
4eH 4a^, 3.^%. ^gaH ^l^fe 4^4 4 sa^4. 4£*11 HaH 44 -^4 4s.fe 444 4 91^. 4£^fl H 
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S. 24 5U44, ^«a*H 4-4(4)44 ^€44 "tlife ^€44 ^«fl "0--5.S. ^S)oI, i^M>°l 

3-s- a]o)] #t.}(5)44 3^ ^st^- ^«"H <a3 -*4» $^*w #44 "0-.2.3. ^44. s. 44 xm4, 

i^wl-o] #4(4)4*) i<ffl44 4ife 43:» 4^4471 ^44^, sfc«44 £2- 44 

<a*}(5)44 4* <a3lt£- ^€44 ^3 43)# $)44 "i"S. 43344. 



±i&*}o] 3.B. a)Y <a3&4 ^444 ^M3* s^sfl *H}-!-7fl 4^ &4. ^ 

^44- 3}3.(3)4 4*l| 444 fe3 4%-fe i«wH S.H AH £,2Y<q 33.3.-^ -fr34 413.* 4444 cfr-g. oj 
##4 4:3:1- *4-¥-4 fe3 4:5-4 9J34714. f-^ J2.S. Alofl £&if-2\ JjSSj *3**W4 4^-4 3}^ 44 

444. 4^4 a o v ^^-S.. 4 1H4 H47> 444 434 *r 44. 4^14 ^444 43.4 feel 7)^ bijeH fee] 

4 OR(XOR)S) feell- £fe i««>ol 71^4 ^44* 4^- ^ 544. ^444 3-5.(3)7} £ 24 44 AN 

D 44^4 nfl<4^^»3>oi 33.(3)7} s. 44 44 or 44 = ^ 43 444 444, ^444 <a33fe "93 

43:4 ^3144 -tlJ: 4 ^€44 33.3.-«M14 #3 Aijr!- £ 24fe fe >£44 4# ^444 35.(3)3 fe 
e) 4^3 fe43 0R(X0R)4 #44 444 44. 



[g 2] 













#3 








± 




<1JL 


a 




2 S3 ^ AN 


0 


0 




0 




l 


D 


0 


1 




0 




2 




1 


0 




0 




3 




1 


1 




1 




4 


2 OR 


0 


0 




0 




5 




0 


1 


■8-4 


1 




6 




1 


0 




1 




7 




1 


1 




1 




8 



44, X 24 4-8-* 4444. 



^44 35.(3)7} 2 AND 44^.3^ ;g uv<a ^^«>ol ^>(4)°fl4 ^€4°1 ^1S:7> "0"44^(^ 

j&v}o] Alsi7> -frjL 0 J nil), *Hl fee) S]S.(l)S.^-El S)S(3)S-4 ^ ^ "tl^^ A]^(?flol^ SiJ: 3ofl *n 

^)S4 #^=14, ^><a ^€4°1 -tli7l- "i"44^ (^€4°1 4s:7> ^-jl^ ^jjife «v^5i^ ^fe4(?D 0 ] 

^ >ds. 24 4°n n^y. 

i^a>o] 2)S(3)7> 2 OR 44S.S4 ^4 ^S-f, ^^4°1 ^7>(4)<>11a^ a^bH a1^ 7 ]- "l"©]^^, *Q 
1 fee) *|S.(l)S.JfBl i^«1-c,l 33.(3)3.5) Aj^fe ^ AlSlC^oli 6<H1 «fi^)S4 *^S)^, ^ 

4^1 *1JL7> -o"44^(i€4°l ^1^7} ^-£^4), aj^^ «>^s)^l sjfe4(?fl 0 l^ ^1^ 54 7°i| «fl^). 

a 24 5U4A1 -a^l^>7> -B-SLS)- i^«>o) ^l^SAi "0"-i- ol-g-sl-jl*} ^ AND 7ll<5lH-i- °]-g-4fe #^-4. 4 

oj ^*}7> -frjL4- ^^«Vo) AijisAi oi-g-sKn*} ^ ^ OR 44H§ °l-g-4fe ^J°l #4fe ^ ^^1 44€ 
=rSi*4°14. 

£64^7^^^4 43^4444. 

£ 84 5L 9fe ^4 44 aJaHHcK 

£ 24 £ 44 5444, AND 4°1^.4 OR 4°lS o)^-£) ^M}o] 2)S.(3)7> 2^2)- A^oj£|^n}. £ 64 £ 74 

£4?> ^)3 4Ja)^) $ £ 8 4 s. 94 £4^- *q 4 AjAHiofl jio^a-i, ^^-4 &«44 4s.(3)fe ^<as)4 sio.4, 
^ «"8* ^444 ^«}<^ 7)es) ^lalE-) f-s) s>q-7> nor 4°)s.s. 4*44 Si4. 
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E. 64 (aH £44 olH^El <g4 4^r °.£.^4 414 4 4«1tH*r S. 64 (b)°ll H*14 44 NOR TlH^S. *14 

34 &4. E 64 (b)ofl 5-44 i:^B>Ol ^44°1 431» 44^4. 

5E4. £. 8S) ( a )«H) 5E.44 °ltH4 <gs\ 4^0.5.43 4«HHfe £• 84 (b)°fl ^44 44 NAND 7114^ 

3. 44*14 5U4. £ 84 (b) S.44 /STAND -BY (^444 4)fe 4x4 i44°l 43l# 44\S4. 

S. 621 (b)2] 444 ^44°1 A]Ji^ TolS. £.84 (b)°fl £.44 4X4 ^44°] ^11^ »0"°l7] nfi§-°11, 5E. 84 
(b)4 43:4 i««H 4^ /STAND- BY (^44°1 4)3.4 £444. 

£ l0t 4^44, 5- 64 (b)<>11 £-44 44 4°1 4^7}- NOR ?14£3. jjg^ >r jn^. ol^-s}., £ 8 4 (b)°H £4 
^ «><4 £01 4447} NAND Tfl^ms. *144 ^ Jflfe- <>1 -R-oQ 4444. 

AND 3^(3)3-4 ^--y^fe £24E 3<=fl £44 *lll ^ OR 7114H71- 43.(3) 

3_4 ^-«as)^ £ 44 £ 5°fl £44 *fl2 ^HH 4<H4. AND ?MS SEfe OR ?fl°lS4 ^7>S. 44 ^1 ^ °fl 2l*fl 
*4 ^E7> *1444fe 44°1 2. 64 £ 7<Hl £44 ^3 ^oj 5J £ 84 £ 9°fl £44 *fl4 

°H4fe 4^1 44^7}- 4«. 7fl°lS3. 44=14 ofl-g-<Hl ^ tf$4 *]]7i* ^ 214. 

£ 7* £ 6S\ (b)°)14 °144 NOR 7flo]e^ S.44^4 T^-t £^g>j7 &4. 



£ yofl £44 NOR 7)14£fe jt £-4 #4 PMOS H44^4(10), 4 €-4&sl PMOS ^ ifflxjiEj (1 1) ^ *) 

4 NMOS 5.^4^4(12^ 13)3. ^4s)<H 5-11}. ^1 <g«a 44(Al)*r PMOS J= €4^4 (11)3 7lMs4 nmos s 

44^4(12)4 ^olM* 5 !] ^44 &4. *fl2 44(A2)^rPMOS £44^3(10)4 7flolesq. NM os S^^l^ 

3 03)4 7)]ols.oi] ^44 44. PMOS J= 44— 3 (1 04 4^ ^tt i= 3]°J4 NMOS (i2)4 ^^ < ?1 

41^7} 4 §-^?>4 nmos 354^4(13)21 ±^ £fe =2fl<?14 #^ ^(output) <>i] ^#=1 

4 «4. 



4 ^-^S):^ ^4^(11, 12, 13)7> ^4 4^^°1] 3ll^4s. ai^-^514 ^.^4^4(10)7} ^€^-°fl >ll^€4. 
s_ ^^^o. s «.e] ^^oj] * 3^ ^ §-^Sl:4 H.^4— 4 (11. 12. 13) #4 441- *4tt ^l^ls. 
oi ^-4^4 s.€4^e1(io)1- *<K V -i-4^4. tF-s^, ^^4°) JE.H. 4^ 4^^°fl ^1^4 s -S-4&4 
4^e1 (io)I- 4 a.=A]7jo S4 (| 4^^s.-?-e1 ^4 44^°fl ¥^ 4*1- ^14* <r «4^ 4# 44^4. 

£ 7°il £4^- 44 NOR 7fl°ls.fe £ 6°)] £4tl-N0R ?fl 0 ls4 ^1^4 °l-§-^3. si4. ^44°1 45: " 
r °- ^ ^H^>7l 44^. 3- ^-45)t4 = 44^4(10)* 4 i£^£s. *,] 2 44(A2)<^ 4|^^<4 Si 

4. 

S. 9fe £ 8<H1 4-§-4 NAND 7flo]E ^^^^4 £44^1 Si 4. 



5L 9«\) S-44 NAND 7l]o]Sfe 4 £-3&4 PMOS S^4^4(14, 15). 4 £-3&4 NMOS H44^4(16) ^ ^ 

€-4^4 NMOS H^4^3 (17)5. ^44 Xi4. ^li ■a^ 44(Ai)fe PMOS ^44^4 (14)4 7114—4 NMOS 
^.^^^(16)4 lolU 3^44 S14. ^12 SJ^ 44(A2)^- PMOS H€4^iH(15)4 7flolS.4NM0S s^^l 
iEl(17)4 Tfloleofl ^^s)<H Si4. PMOS S.44— 4(14)^1 ii afe =efl44 NMOS m^4^3 (16)21 J=31°J 
SE^ ii7} PMOS S.Sfi4^4(15)2l SE^ =.21144 44 (OUTPUT) ^1 ^^44 44. 



4^4 44 4°1. 4 *4?i4 B44^tH(i4. 15. 16)7> 44%°11 ^l-?4^. :a-g-3&4 ^44^4(17)^ ^^1 4 
^*o)i *ij^u}-. ^, 44^*.s.-?-4 =84 44oil 44^ 7^ ^4114 ^.44^4(14. 15. 16) ^4 -H4 44 
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£ 9»)1 H>fi)- NAND 7jo)Sfe £ 8°D # NAND 7fl <>1 e -g-,2.3. A).-g-£)ji 5>}c}-. ^u\o] 2-2= Ajofl^ 

X12 ^>(A2)°11 i^sH a] j: ■■ 0 »o| ^s\3L, jl m.^)^(17}7} ^ iLH*H ¥^ 3-fr7> 

S. 10-8- £. 6j4 S. 7°H ^3 ^^1^4 £ 84 S. 9«H] ^4 <g*H-|- EaIsJ-ji 

i 1,0*1 (a)fe £ 6«11 £Al?.V *fl 3 <&*)e\7} NOR TlWJliiL *l«r* ^ 51*14-0. $14. 

51 102] ( a )Sl lfe ol^ElSl #?H AND 7)HS7> >^4 0 1 5}3.£>1 ^<a^ 51*143. #1}. AND 7fl<^lH7> 

S. 2°)1 «*W ^4 fesH 44 ^<ffl4°l 3-sL°ll °l-§-« -8-2.3- *&«44 Ajife »0"ol €4. 44*1.2. 10^ 
(a) (lH*1, ^314 0 1 AlJife /STAND- BY (^€44 4)3*1 X^«4. 

£ 102} (a) 3] (2) «11 5^*1. £ 10S1 ( a )2l (l)«fl S)*fl Aljr A fe "^eH o)*fl /A(A u > )5 . ijV^ji. 

4^4 "B«| /A(A 4)4 i«4°l /STAND- BY (i€4°l 4)t AND 7\}°]^ ^3^4. 

£ 10S] ( a )2] (3)»1| StM*! £ 102} ( a )Sl (l)°fl 51*14 f-7>Sl NOR MMSS *1444. 51 1021 (a)2l ( 

2)3.-^1 £ 104(a)2l (3) iLSLS] *14-£- ^ 5L5.4(de Morgan) 2} ^e}5L ^« T 2 &4. ^ 5L=£s] ^4£" ^ 

4*1 is £ti€4. 

^4*1 1 

A+B° A • B 
A 'B=A+B 



51 1021 ( a )oll 51*14 /STAND- BY (^^M 4)4 /A (A 4)7} AND 7lMH°ll <y 47flfe °14°H £4^ E. 

SLS^ ^^H ^-g-U ^ 5£4. 

^r^^l 2 

A • STAND-BY = A+STAND-BY 



^^-Aj 2 o) .f^NOR Tflolesl fee) 71^-fr v+Efvfl^, o}«lEi2)- AND Tfl^lSS. ^Aj€ ^^«1- 0 1 ^S.fe — 
^e|o)] nfel-NOR 7flole^. ^1^-^ ^ $14. 

E 1021 (b)fe £. 8°H S-A]^ ^13 <?]HlEl7r NAND ^lll ^l«-« t Slife *1# ^4. 

S. 1021 (b)2l (1)^ «?]«1E^S1 OR 7flolB 7 > >;^H>ol 5)5.^1 ^^Slfe £.A]*>jl %t±. S. 2°fl 

feal^.^- OR 7llolB 7 > i^flu>ol ofl «l-§-€ nil, -frS-S)- ^1J:fe "i-o] n}eM, E 1021 (b)2l 

(1)°11a1 i^a>ol AlJife STAND - BYS. A| 

i 1021 ( a )2l (i)o)l £Al£ oj^ A7>/A(A 4)S «&#S|-n. *>l-tt^€ -tl^l /A21- +®»}o] a]^ STNAD 
-BYfe ORTllolEo)) aje^ch 
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£ 10S1 (b)2] (3)°fl 5U°14. £ 10S1 (b)4 (2)°11 S>14 43.fe -1-7}^ NAND JiMSS *1444. " 102) (b)2l 
(2)5-*?-Ei £. 102] (b)2] (3) .2.5.21 *l^fe H. ES^ els.-?- B\ ^ 5ti4 T 

S. 102] (b)2] (2)<H1 5^1^ STAND -BY4/A7} OR 7flol£4| Sl^fe 431fe °14°ti =- *<JeH 3 

-§-* ^ sa4. 

=r44 3 _ ■ 

A+STAND-BY= A • STAND-BY 



3 ^ ijL^fe NAND Tfloleo) fe e) 7)^.3). c s.h^ ^gejofl &\n OR TlHSS. i<a4 0 l 5]Sfe NAND 

TflolHs. ^ &cHr 3* &4. 

£ life NOR TJlolSSl *1«3|. NAND Tfloleo] <y «1^<?I £Al4±l 014. 

3E 112] ( a )°H Xi<H4, feel 45.(1)2] #3 <di Afe 4-§-/A5.7=l #3^4. 

£. 112] (bH £M4, ^3>4°1 /STAND -BY5.4 #3 •tlil- "0"°-Z. #H=4fe AND Tfl^lS SEfe 
-tlSLS-Ai Al^l- #^4fe OR 7fl©l5.fe i^4°l 43.3.4 *fll fee] 35.(1)21 33^4. 

£. 1121 (c)olHfe ^r4*l 221- 321 <= .5. = £2} 7jel7> 21-8-^4. 

£ 1121 (d)°)l &°14, £ 1121 ( C )21 H. ^e]2] ^-g-21 ^43-4 ^4°1 43fe NOR 7]HS4 NAND A) 

°]m.£- *14€ *r 2*4. NOR °1 Si fe feel 45.(1)2] a] J: a4 A3>4«1 ^^^4. NAND Tins 0 )] 

fefeel 43(1)2] %:% A 2}- /STAND -BY7> ^€4. 

£ 111 142^, n}el feel 7lfe^- £fefee] 431 <834fe -ilSLfe St 344 #34fe ^3 fe 

el* o]-§-*H CMOS feel SIS. ifl<*4 AlsS. #3471 uflfel, feel 434 ±q*\o] 4s.fe t!r 71)4 7fl°m3 

^ &4fe ^4 si4. 

£. 1221- £ I3fe fe ^21 45 ^aH» £^1^4. 

£. 1221- S. 13fe fe ^°1 -aaV^oi fc el 43»H 2]-§-S]fe ofl.f. $}c>. 



S. 124 S- 13°H4 41S.fe ^«>^<?1 feel ^S.S.-?-El °]2l£ ^#5lfe ^£1 ^^1^4 fe/.Hl fe^ ^1 

ols>fe -40I ^^fl«>ol S.B. A]ofl 51^ ^4/5- 1221 ( a )4 (b)«fl Xl°H. 33.fe. 27fl2l 

NAND 7flole(30. 32), NOR 7flol = (31), ^1^^(33). OR »HiM34) * ^4 (OUTPUT) S. ^§5M 

«:7>(lNPUT)S-?-El2l ^li^NAND7flom(30)2l *7fli|^^ e 1|^^5|3l. 714 ^(£^1*H 
21 a1J:4 71421 <y«3 ^7>S.-¥-E^2l -tlJlfe 4# <a^ofl <?J^^^. 514. NAND ?fl«>l^.(30)2l #^fe NOR 7flole (3 

1)21 «• 7fl2l «y^oil «^4at. 714 €(£^lsW &#^§-) 3 <Ji4 44 «4SJ?-44 -il^fe 4# Sl^^ 
«a^4jl-5a4. NOR 7llolH(31)2l #^fe NAND 7fl<>lS(32)2l ^ 7fl2l <gsH ^^SJjI. 714 €(^44^1 #St-§-) 
s.^-el2i a]j:4 714 ^j^ ^-7>s.^-El2i Alife 4fe <a^°fl Sl^si^ SI4. NAND Tfiole (32 )2l #^fe °1»1E1(33) 

21 <a3°fl «a^4jl Si4. ?l«lEl (33)21 OR 7flclH(34)2l ^ 7l)2l <y SH ^ ^ Sj 2| 7l 4 -fl (£Al*>^ ^^-g-) 

.S-feE^ ^1J:4 714 ^4s.-?-e121 4!JLfe 4€- "a^ofl ^^sIjI Si4. OR 7)Hs(34)2i #^fe #^ ^7>(ou 
TPUT)°11 ^^51°! Si4. 



- 14 - 



■f-s-s-sl io-0357509 



of)^| ^ .2.3. W4JL, ^Wfe PMOS £**l&3#. *Ha-¥-fe NMOS M^t*. 5$, 

jjLif- Jl JEti^E)*. *-^Jffe 4 £«*|>£E]* nJ-eH. «^ a o V #t2}- ^ (P 

ch-High, Nch-Low)# 5>fe 4^ <B3 ^>7> Jl PMOS ^ ^-^S^ NMOS ^^1^ 

6)] ^^s] o] SXA^ 7 A-dr XI i}. r>^(Pch-Low, Nch-High)# £fe 44-8r «?3^ 

7} 7] &%&£>\ PMOS S^^l^E^ Jl &H*&3] NMOS ?J-g- ^ufljl 54°-°l, ^ 

>.V d ). W Pch-High. Nch-Low)» ^,8: *] PMOS ^€^1^^^ -g-^&Sl NMOS 



£ 122) (a)fe «}4 S-^ *M *\3L "0"°1 °J 3 INPUTS] i^u} 

°1 ^3 <M*1 %3.Q, ¥^ ^^-w »H*Rr -fi°l Slfe ^3.7> JE^sM &t}. S. 122} (a) 2] 3r 

*Rf ^€«H S-£ A H A 4)*}e«l n 13 M-e^c}-. ^3 2H 7l2:*H, i^«>o| 

S= a]6|1 NAND 7)]olS(30), NOR 7lHH(31), NAND 7)Me (32 ) ^ 61^(33)21 4 -t Jl -g-^^ J=3l 
^1^E]7> iji n}), ^ £4rfe ^H^t)-. OR 7flolS(34H NAND 7fl°lJ=(30), NOR ^1°1H(31), NA 

ND 7flolE (32 ) ^ «lulE^(33)S <g3 INPUTS ##-¥-2] "33 (Pch - Low, 

Nch-Low)^ ^j] a>4°H ^^Sl<H XM ^ *l 3:3 &2l e^*l^EH<S Si^l «>J):g-°fl, ¥^ 3?rfe 

*)H€ t S^K OR 7ti°le(34)fil 4€- "33 «H #^-¥-£1- ^ ^^(Pch-High, Nch - Low) -& £ 

^ A>2^o)| nfl€-°ll, ^^«>°1 a]6|) oj^ INPUT <9 ^ lft^e| fi]-^- <a 3 -tl^l 

7lss}<^, OR 7fl«lH(34)^ SJ^ ^6fl 99-4 Aj 216)1 s]«() Ji ^^^S] H^l^E^ ^ J2.H*H ¥^ ^i*7> 



£12^ (b)fe S 12^ (a)oJl &««H -S-tflS^ ^ol« SAlS>Jl 



^1 Jl e^^l^Ei ^, NAND 7flolE(3 0 ) t NOR ?1HS(31). NAND 7flols(32) ^ ^1^^1(33)21 Jl 

^E^^oj E^ ? l iE ) fe -g-AH ^ i2.H*l-7l nfl^-o]!, ^3)- ^s.^. 7^^4. o]^^- £ 14S1 (bH £Altb i^M>°l ^ 

^ ^EflS-^-E^ *4 ^a-tfloii efl^s>^ -§-<g?!- €°1 4^°14. ^.4 ^^ .^ *>^(Pch-Hi g h, Nch-Low)# H 
feA>z]-oi] OR 7llolS(34)Sl ^7>o)l tfl^o^, ^>(INPUT) °l^s] <?J^ ^ofl S]-SjL <y 

^ -tlX^l] t4e|-4 OR 7flo)E (34) £1 ^>6il ^^-^ Al j:o)l o^sfl jl ^-^5Jt^ SSflxliE]7> ^ nj. 

£ 13*1 (a)fe as A)oi] £ izsi) (a)°fl E^l* ¥^ ^^-^ ^ 

£ 13S1 (a)«ll Si^4, ^}(INPUT). NAND 7fl6]H(30), 7)1 o] (35) , NAND ^01^(32), 

El (33), OR 7fl°lJ=(34) ^ #^ «.7.>(0UTPUT)S. =?-^o] $1^. «y ^ ^•7>(lNPUT)S.-?-El^ ^^fe NAND t)M 

S(30)^ 7flfil °JSH °J^5lJl, 7lEl- -€(£4^1 ^^t-§-)S.-SfE^ ^3:L|- 7lEl- ^>S-?-Elfil Aljlfe 

oj^ofl oj^^^ NAND 7l)olS(30)^ 4^ 7llolS(35)^ 7«3] ^^\^\ 

7lEf #7.}g.lfB\2\ -tlSfe Cf-E- -S^H ^^^l^. 4^ Tfl^E (35)21 #^*NAND 7flolE (3 2)S] ^ 7flS) 

o)] <?J3SH, 71EJ- -gS-JfE^ A1S.14 71E1- oJSj 1&7>S.-?-ElSl Ajife °J 3 °H ^ ^ ^"4". NAND 71HE (3 2 ) ^ 

^^.01^^(33)0] oj^ofl ojaj-acj.. ol^El(33)2l #^^0R 7flolH(34)2l 7fl2] <a^oi] -y^sH, 7]E> ^(^.a] 

^5*^-)3-?-Els1 7]e1 ^A>s.¥-E^ t4€- <a^€t4. OR 7)}o]^(34)si #3* -1^ 
(OUTPUT) 611 ^^4. °l7lA^ iflsl ^7>i4 -t vflsl S4fe ^ 122] -B-4*>t4. 
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51 13*11 $a°H £■ 12*M *Hfe S. 12o)| 5^1$ NOR 7lWS(31)7} XMS(35)S *1«^<H &*4fe 
o] 7flolH(35)^ OR NAND TflolHJL *l«fe — = -§"§"* 

£•3* ^ 014. Aii: a4 -tl^ B7> nor *Hs.(3iH ^^€431 7}^ ml, «>121 #^^8- /(A+B)S.^ *r $1 

4. NOR TlHSOl)^ #3/(A+B)4 £s««H <tl£ STAND-BYfe <4*>2l — £=3 3jeHl ^-g-^ ^ 51 cf. 

^r*H 4 ; 

(A+B)+STAND-BY= (A+B) • STAND-BY 



^•±13 J?-*fe NAND TfloUM feel 7)fe* ^vflcf. olelt!- 7lfefe A2> B2] feel OR<OR Tins. 3 #3 
Sl)Sl- i€«>°l -tl^ /STAND - BY7> <y 33 fe NAND 7fl°|i=Sl feel 7lfe-§- ^ £S« 33** 4^. NOR 

7fl^m(31)^ A2> B7\ ^g-sU &«h}<>1 /STAND-BY7V W Tflol *=<>)] ^s)fe OR 7ll°lHsq- NAND 7)1 
ol£°} 7flols( 3 5)S. *l«-«4fe 5J°1 *r SU^-. 



£ 132} (a)oflfe ^#^r 44 ?M S-H. *H »o"°l "83 #7} INPUTS 2|Jf ^l^S.^ nfls] 

i^*4°l ^Efl X\2\ %2.S%, 3ff"« ^H^Vfe «11*lSH «fe ^S7> £AlS)<H 5UCK *7>SA| £ 

-tUiH 7l±*M,NAND 7)H£( 30) , ^ 7)1c1b (35)(NAND 7flo}e ( 32 ) *J o]«lEl (33)21 € ^ ^ 
fe^&2) H€7liEl7> ^ 5.5.5)01, i^fl«l-ol 3.B. *W fe-a ^^-7> TiH^ ^ 5^. 7 H , ^ 7)1 o] e (35) s\ 0 R 
7flo)Eofl oic^ 271121 ^Vfe^ ^S^^ (Pen -Low, Nch-Low)l- ^44^ Xi^l nflfe°)l. ■§? 

27fl2l #7>fe ^ -g-^#2l E^^E-lofl-V ^5)°! fe^ ^fe 7»H* * ^M". *V » °1 

S(35)2l NAND 7)H J=ofl flo^. 27flS] #7>fe ^ ##-?-2} ^ s^^- (Pen - Low, Nch-High)-!- ^ v fe ^> 
zj-oj %4?s\o] 01 7 ) nfl^ofl a oj 3 ^o) *| -g-^&2] PMOS H€*1^42> 31 -g-^&s] NMOS S^l^ofl ^^5] 
<H 9X7] nJis-ofl, ji §-^^21 S^liEll^ -^s^ i«4«l -ilS: "0"«l ^sl 0 ! « fe-g ^-f r 7> »H 



£. 1321 (b)fe £ I32l ( a )2l ^^w>°l *t S = £Al*>uI Sit4. 



£ 1321 (b)fe "0"°ll^ "i"S2l <33 ajj:^ £Ai^>ji °l&l?!r 54°^. i«»V<>l s.^ A H 

OFF oiojoi NAND 7)1 °1 (30) 4 7fl<>lS(35)2l 31 msM^fe ^ feS)^, ^ 7flolS(35). 

NAND 7flo)E (32), o]«lBl(33) « OR TflolH (34) ^ ^ S^^l^Elfe n^^Ai, oj^ ^ INPU 

TS-Jf El 44- tg- Tfloles.^ ^3), r}i ^*>£|^°>. NAND 7)101^(32)3.^^ OUTPUTS. 2) 4?S. 

fe t4i feo>^lrf. ^-ol, ^s.Sl -g^ ^£fe NOR 7flo]ss. ^ TflolHs. ^1$^ cf-g- i^|B>o} a!^§ 

^ TflolEofl ^-#^-o.S.M| ^« ^ &i4. 



^#^> «>2> ^o], og«>a)oi te5 >} ^s.6(| ojcHA^, S)ss^e1 ^#s>i ©]» ^. «^<4 3-§-*lfe ^ 

a-^-O.S^ ^-2}- #£7> ^ HBlEl^ ^5.2} ^o4o| ^ Sicf. 

£ 15fe fe ^^21 ^)12 €el« 5E.^l*>al Sii4. 

£ 15fe 7l*S) feEl SlSS.^-E^ 71^4 -S-OjAj^. ^Al^ i<a«H £H Alofl *2.*M <T Si 

feel -^7)) §}-7] CAD 7.1^^2) £7-1*} jL 

013 ^s.(100)fe 7ie ^S2] vflE el (net list) (71HH feel ^)»H, &«»H ^(ioi)fe ^ 
a>oi £ c Al ofl <^ «^o.s. «.o^^ Die] -a^€ ^2: =»Jtoia, fe^ efoi«e1el(i03)fe 4«( fe 

^^r« a^^^-S *m^7l 21^ «oi oji^ >g efo]« E ^el(^ ^Ji)oH. #3 feel a|S(i05)fe ^€«> 

©l S.S. Aiofl ipA^ 0.5. s>t3;*>71 2l*>oi >gs ^1^ fee] ^s.21 el^eoic}-. 
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nlej -8 33 s]^- Alu&o] 7)^s] feel j? <U3 feel 33.(100)4 ^€4°1 #3|(101)fe fe4 
$3. vflfi] 4 jcH«fl tflsH -tlift* ^#*>7l fl*H ^ feel ^^(102)^1 <a^44. 



vfl-¥- aij: a_V# ^(I02)sl %n ^. ^<a4°l se AH 7l^sl fee] $3. vflsl 4 tfl*« «B3 
feel 43.(100) ^ fe-M 4# eW«.3e|(103)fc & *1«^(104)«I "3334. € ^1^: ^^(104)* -i* *144 
a} ^ej ^h. ofl a1J:^o.s ip-a ^f r » 3l43°.3- 4#4fe 4^ e}-olti.e^ (103)1- -3 

°].<y ^-f Al&eH #^ feel 33.(105) ^, ^4°1 .eh. ah fe-g £43 0.3. 4^4 
fe -iBr feel MIS. e]^H« #344. s is m*l £ 2i# ^3 44-g- ^4:a. £ 231- #2l*H 

4«-§- 44 -at 44. 



€£4 44 H 15^ £.*14 CAD Al^^ofl 4 a ia»M 4«t ¥1i 4^1" :§.43-2.3 444fe €3 

4*4 *8*1)4 -ilfl feel 337]- <&<>\^ ^ ^cf. 
£ 16€r £ £^4 *)l3 4e]# ^^b>ji &4. 

£ 16-ar £ 154 33.3.^4 71*4 ■s-'a^-s- 44*1*1 ah fe^ 1:43^3 44 

4fe 3]£f ^^l*>7l 34 CAD 4^fl4 ±»* HAle>ai sa^. CAD 4^^H oj^^ S|3 *j3.fe e]^H 7 > of 
4 RTL (Register Transfer Level) °)l 3 *fl 7l -£sH 5£fe 3°l 4°l 3 °1 4- 

RTL(106)fe 71 « 33^ RTL 7l*(E«)* &«44 44(101)fe ^4°1 S£ *H 4+*-a£*.4. 

jfo^ t-iei -g^j^ +\sl ;g3.<>14. ¥4 44 e>oia.&|el(i03)fe i€«H aH ^ j^^os. 444 

^ ^oi ^s.^ £ ^o] ti.e1e| (-S ^3)<>14. 4°l°o 1 e)-o] a^e) (i07)fe feel 44°fl ^.a.4 4 0 1 0 <) ^7}. gj. 
°UiBiBH4. #^ feel ais(i05)fe ^««>°1 slb. ^hi ^ ^# i^ 2 !^ *m*Vfe -is. ^€ 



RTL(106) ^€4°1 ^Efl(lOl). 4°1 e}-olti.&| £1(107) ^ ¥^ 4^ (103)fe feel flS. W ^(1 

08) ^ <a^€4 fe^ S3. ^ ^r^(108)fe RTL(106)* fee] ^0.3. vflE eI^e^ ^ 7 flAl7l^R>. i^w>°l -2- 

>= a]o)| o.s. ^ safe -t-i- °l-§-*H til H el^s.611 ^7Ha1^14. ^ej^ E 15^1 £a] 

CAD Aji^sl ^^-4 ^o] i^MVo) ^-Efl(ioi)oll sl*fl i€«>°l 4^1 £|Jf. Al^ ^iL<Hl tt|-e} 4 ^e} 

iiS.ofl -tlj:^ 7li*M fe^ Jl^^I^s. *m*>7l fl* iS* fe^ « ^e] (i03)S^- 



S. 16°fl SAl^ RTLS) 71 "?] % *}fe CAD i#6| Sft^^, fe^ ^ * * A H U«« 

^ *r sa<H(€-fi-^ "fl^lfe ^4 *9«fl^l4-). Ss. ^^.^-Ai^ ia^-Ai^ ^ si4. 

^^^V ^ol_ £ 16 cl| £/|^ CAD 4^^, ^^4°! AH) ^ ^i-Frl- Jl4^-2-S. *>^*>fe 

Alfl- t|]E e)A,E^ RTL 7l^(IBSft)S^-El <^°]^ T 

£ 154 £ 16°11 € A l^^fe ^S.^ MlS-e) (RAM, ROM), 4^3(FD). ^^3(HD), ^S 

c1^3(CD. DVD), #7}7l ^1^3 (MO, MD) H A>7l Eflo]H ^ 7^ ufl^ofl =S.n«o.S.Al 7)<*Sl<H SI 4. 

£ 17-fr 4-E -iS] ^ll S.Al*>ai Xlrl-. ^, £ i7fe ^ 4^ 4°l^-&l^(103)(i 154 S- 16°H 

£Ai?v -i ^^.si 4ol«.eiel)ofl fe^ jH4^^-S. 4^4fe €4 *.i «eJ£* £*l*r3. SZ4. 
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£ 1721 (a)4 (b)fe 2 "B34 1 #^2] ^314^4 fe3 ?iH£ (static gate) # ^X\t\jL Si^. 



£ 1721 (a)ofl 5fl«>H. 4ll ^3 #4 INPUT Afe 4 1-3&2) PMOS £^*1^ (PMOS Low Vth)3 ^4 4ll fe 
B) 33(150)4 4-&3&2J NMOSS^^iEKNMOSLowVth)^. ^^ 412 feel 3E)3(151)°11 3^fSH 514- 
412 44 INPUT Bfe 41 1 33(150), 412 33(151) ^ 31 ^#2l NMOS £31*1^ (NMOS High Vth)3 
Tflolso)! ^^£|<H ?J14. iE^. #3 44 OUTPUTfe 4ll 33(150)4 412 33(151)7} 3^4 #3 2*2.(153)41 
3*34 5U4. 



^7H 'tis: "0"ol 4|2 44 INPUT B<fl 3- €-3&2l NMOS £ €4^H (152)fe € iLH^jl. 

#3 43: "1"°1 44 OUTPUT^ #344. 3L €-3&3 NMOS £*4^3 (152)7> 4 S.£47l iflfrofl. 34 
^th^S--¥-^ 3*1 4*13 3^-3 ^ 7 > &43.°-3 4444. 4*4 44 £ol, jl €-<M&3 NMOS. £ 3! 
4^3(152)7} 4 i£f nfl fe4 4*4 44371 nfl^-ofl, "0" HLfe "1"3 43 <y 3 #3.7} 41l SJ 3 44 INPUT 
A«T«S* * Xi4 4ll fe^ 33(150H 5*144. 4 *3&3 4* ?1121 PM0S£«*1^7* 44)34 jla. 412 
33(151)oflfe 4 S-4&3 4* 71121 NMOS £44^7} 44134 fl*|oV t ^« 440.3.-^ i *4»3 NMOS 
5.^^(152) 443 T^S ^ ^ 4 7 fl3 4334 Sfe4fe 4^3. $14. ¥4 44fe * .33 3* (152) 
21 NMOS e^liElt ^ .SL = 4^3*1 -sj-^V SL4^o.S. 4434 ifl«4|, 4|l 33(150)4 412 33(151)fe °J 
Si *43 l^^liEl =f-3^% *fl-§-4 =r &4. 



£ 1721 (b)<>ll #44, 411 44 INPUT Afe 31^a(154)(PMOSHightVth)2l PMOS £44^33 *14 
£ 4|l 33(155) [4 -£-<^43 PMOS £314^3 (PMOS Low Vth)3 ¥3^] ^ 412 33.[4 -S-3&3 NMOS £ 
^4^3 (NMOS Low Vth)3 ¥4^H 3*34 <U4. 412 ^3 44 INPUT Bfe 4ll 33.(155)4 412 33(156) 
6\] %4tS\o] HL4.-&3 4*VOUTPUTfe 411 33(155)4 4]2 33(156)7} 3*3fe #3 ^(157)^11 3* 

34 $J4. 



444 oj^ ^ » r ol 41i tj}74 INPUT A°)l *9€ "fl, 2- 3-3 #2] PMOS £^l^El(l54)fe 'tis "0" 
^. cf^ OUTPUTS A171 JE^- « iL = ?}:4. 2. 33&21 PMOS S^l^ (154)fe Si ^-«*>7l «8*^(l. « 

« ^-a-^s.^e-1 3*1 £21 4*14 ^3.21 Y-M £^-fe s4^1 4^* =r X14. £^tl 44 fe-i ^ 

^^2] PMOS £5ffl*liEl(l54)§ € iLH^ 4^5)71 "0" Sfe "l"2l <?J21 3^ AlJlfe 412 °J 3 «4 

INPUT B°1| ^ Sa4. 411 fl£(155)fe ^ ^ ^2] PMOSH^l^S. ^^<>1 fl^. ^12 ^S. 

(156)fe ^ 33&21 ^ 71)4 NMOS S«4^S. t^SSM Si^-o), o)5J^ 3>q *121S.^-El al §-^^2l PMOS 

mtffl*l^(i54) 4421 33.2} ^4 7flofl ^^V5l*l $fe4fe 44VS4. fe^ £^-fe ^«4°1 s.^ A H ^ 
&3^2l PMOS S€4^El(i54)« ^ « ^HAl^ o.3*l S-4^ o.3 4«* "fl^l. ^3(156)fe °J2l 

*^-2l H ia*liEl *B-g-^ ^ &4. 



£ 18-Sr 416 -*^H», £ 19fe *7 ^Ht, £ 20^ fe ^21 418 ^4<4* ^1*>2. Si4. 

£ 18 vfl*] £ 20°fl £4* #2:4^ £ 15°11 £4^CAD ^^^4. 



S. 184 feel ^3fe 371)21 D #«**(201.-202. 203) (ol4. D #^^#1" "D-FF"4 *J*4)4 47fl2l N 

AND 7flom(204, 205, 206. 207)3 tMJSM Xi4. ^. D-FF(201)2l #^4 D-FF(202)4 NAND TlH 

£(204)oll D-FF(202)2l #^4 D - FF(203)2l #^-gr NAND Tflol^ ( 2 05)oll °j^44. NAND 4l 0 l£ 
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(204)4 NAND 41*1^(205) 2] #3fe NAND 41 °1 £ (206) °fl 33€4. NAND 41 °\ £ (205) 2] #3?} D-FF(203) 
21 #3* NAND 7l| olS (207)41 <a3€i}. 



£ 18 a ^Efl a >ol 2.H. Alofl ip^ ^^-1- *}#S}7] flfc * *1€°1 *8*fl*! *2] fee] 3321 #31 * SAj^ji &t}. ^, 
D FFttOl^ 203)21 *3St*^«»W 5L£ AH O.S p]^ AlJ: *Ji(&1Si»W ^(10 

1)H llW.S 18°fl *fl*1 ^A>fe Aljr -o-ol ±&\o\ EE AH S]^ *|SSL*E| +o1* ulHj ^ 

€ Aji ^a(i«BH Aj-^(ioi))S.Ai nfls] D-FF(201. 202, 203)2] #3#°1M- 4^ i= ^2] AjxS); 

^M^-Vfic}. 

N AND 4|°lH(204 205, 207)fe 4) 1 NAND 4|°lS£ NAND 4HE(206)fe 41 2 NAND 4H 

S.S. 4$$«\ £ 1921 (a).fc 4|l NAND 4MH§. 5. 1921 (b)fe 41 2 NAND 4W2=L^ 5LA}*};n. $*t}. 

£ 1921 ( a H SAl^V 41 1 NAND 4l°l£fe *1 S-3&2] PMOS H€^l^(207, 208), *l NMOS 5.^*1^ 

61 (209) ^JL ^ikS] NMOS (210)3. ^3<4 41l 3 3 ^ Alfe PMOS HSS*|i3 (207)3 

4H£2} NMOS (209)21 4l°l£4] S*sW 5fit}. 4|2 <83 A2fe PMOS £«*li3 (208)3 

2} NMOS £«*1^ (210)21 4ME41 gd^oj &c}. PMOS S^l^ (207)2] ii EEfe =^1^1^ NMOS 
a^eI (209)21 -211<?1 Sfe 4r^7> ^€ PMOS H^^liEl (208)21 ±± £fe E. efl°J4 #3 ^> OUTPU 

T 4] *^S]<4 ojtj. «}*} ^ S*l3Jt(207. 208. 209)21 B.^l^fe #€^41 4J**U. 31 ^^2l £ 

^1^(210)^ 3*1 **** - 3*1 44*4 *^fe ^ f^ii^-J 

(207 208 209) *2] <4<3 *M* «W51 * S«>l^(210)* ^ 7- 

iiVSk AH ^ A] *** 31 H^l^(210)« « i«Alfl^ 3 a] 

*Sfe feAi 3** ^o)« * fltKf 3* v+*M*k £1921 (a)oll floW. JL &mk4\ H^l^(210)fe 41 
* . 0 .a 01 a ^> A2 o)l Jf o^cls** *^ ^ iLSS^. A^ ^ 5121 S^AliEl (207, 208, 209)7} ON O 
FF &>9fe "tii "0" "1" ^ °^ * ^ ^^it2l S^l^ (207. 209) s 

21 ^-a> ah tn«}^ -a^* 4 s Si*}. 



£ 1921 (b)oll £AltV 4|2 NAND TflolHfe 31 PMOS S**|^ (21 1. 212)2} A^ «^«^| NMOS S^aI 

^(213 214)S^^<H Sa^.^ll «5*Alfe PMOS S«X|^ (21 1)2] **lfi*NMOS S4^(213) - 
2] Tflols'^] 412 ^} A 2fe PMOS H^A]iB] (212)2] Tflo] NM0S H4*l^ (214)2] - 

^4r€t} PMOS S.€a1^e|(211)21 ii 5£fe 2= 3l<?]*} NMOS S«^|^ (213)2] E^lSl Hlfe ^7} ^~ 
fe PMOS S^Al^Ei (212)2] Sfe EEflo]4 ^A} OUTPUTS 3^€4- 



^^«}2}^1 31 212)21 41^2101, A] ^^2] S«^iEl (213. 214)1 

4|^€^} ^ ^«^S^B1 3 a] ^^l#6fl *afe 34Hr 31 ^^2] s€a]^(211 Sfe 212)# * 
o olel ^ ^^^o] £E a]oD ^2]^oj] 4|*€ 31 ^^2] S^^(211. 212) JL-r* « 

^^E] 3 a] JlSfe Y-M 41<H* ^ «t}fe-?J* £ 1921 (bH 

$1°]*], ^»\°] S— a] 33 AH a] i -i-o] 4)^31, 33 ^a} A24 "1-«>1 4l*«£-S^ 31 

^ V fe 27l]2] E^A]iEl(211, 212)1" € S-HAl^C}. 

S. 18* c}A] ^S}^. «}2} ^-o] NAND 4]°lH(204. 205, 207)fe 41 1 NAND ^|«>1E£ ^s]3l. *i ^fl 

o) i^w}ol £E AlSl 2} 2.H.2] A1X&-& q-E}>fic}. 
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41 NAND 445.4 NAND 445(204)4 42 <$n 44 A24 D-FF(202)4 #3 43i "0"4 ^3471 nj|S4|, 
31 544^(201)7} 4 .2.H;44 ¥4 ^^-7> 3:3)-^ O.S. 44 4 ^ 44- 

44 4*3-2-3.4. D-FF (203) 4 #3 -tl^L "0"4 4l NAND 4454 NAND 445(205)4 42 ^3 *M 

4 ^3471 4*4-. 31 g-4&4 5.44^3(210)7} € £. = 44 t4 4-f}7} JL43-2-3. 444 44. 

44 -§-44 44-213. D-FF (203)^1 #3 -ajf"0"°l 4l NAND 4454 NAND 4 4 5 (207) 4 42 ^3 44 
A24 "83471 4*4. 31 S-3&4 544^4(210)7} 4 .2.5.44 ¥4 447} i4 7 ^S 444 ^ £14-. 

42 NAND 4454 NAND 445.(206)4 4l ^ W Al4fe NAND 445.(204)4 #3 4i>. "1"°1 ^3431, 
NAND 445.(205)4 #3 -ili "1"£- 42 <?]3 44 A24 SJ347] 4-&4. 31 €-3&4 544^4(211, 212)7> 
£f- 4 i£S]ol ^4 447} J:4^^S. 44 4 <r £14. 

£ 18°1H, D-FF4 #33)t-g- ^444 £-<= 44 Sl^-^ ¥44fe 44 4^4 43: 4iL(i444 44 101)3 

4 44^44, ^444 AH ifl^ AjJl^;* 4^4 ^ 4^ 43444 44, D-FF4 444 &31 <£4 

*44 #3&£ .4** <r £14. 

s. 204 D-FF4 4-8- 42.4 ^4 0144 43.4 #3&4 >i444 s.^ 4 4-^o.iM L 4 444 ^1=1 444 
3L 4-!i[^444 44(101)]3.4 4*4fe 48 -|H4^ £.444. 



£ 204 £a14 *r4 43oll 9l°\*\, £ 184 £Al4 fee) §s. 4 NAND 4454 D . FF X[o]<^ AN d 437} 4^4 
4 £14. 444, NAND 4454 -^at £ 184 *444. ^, D-FF(201)4 #3-8- AND 445 (216)4 <834 
31, AND 44 5 (216)4 #3-8- NAND 445(204)4 ^344. D-FF(202)4 #3-8- AND 445(217)4 <33 
431, AND Tfl^l e (217)4 -t^^NAND Tfl °1 — (204) 4 NAND Til °l S (205) °fl ^^€4. D-FF(203)Sl A 
ND 7lHM(218)°i| «a^431, AND 7fl°lE( 2 i8)4 *^^r NAND 7)1 °1S (205) 4 NAND Tfl °1 S (207) °H «^€4. 



ani Xl4fe 444fe i^4°l and 7flois( 2 i6, 217, 218)4 4* ^V°fl ^-€4. 

a]^ « 0 »ol i^4ol ^-g-471 AND 7flolS(216, 217. 218)3 444 #3-8: Aji "0"°11 31^44. 

AND 7fl4H(216, 217. 218)4 #3^ NAND Tflols (204> 2 05. 207)S.^ ^3^:4, ^^4°1 2.— *H 4 

slss^l ^-44 421 ^^4 VS. ^Ji(^«44 A o v 4(i0i))fe ^4s. +4« ^ Si4. 44 24. 
4^1 £H ah 4^-40^. ^.44 4e| ajj: ^a.(^44°l ^4(101))^ AND 7fl°m^4 -fi-4 ^^.f 
-a-^ «■ <a Tfl ^ 5g « ^ Si 4. 

£ 21-& -H- ^4 49 €44^ si4. -£ 2i°fl «44 s. 184 3-T-4 4-£- ^44 fla* #^44 £ 15 

^1 £44 cad 4^-1- ^^44. 

£ 2H S.44 feSl 4^ ^'J-i- 4^ D *^«-l-(208. 209. 210) (44. ^-8: 4fe D "^^2* 4^ 

D-FF"4 ^44), 47flSl NAND 4 °1 (2 1 1 , 212, 213, 214) ^ ^3.0) (215)S. ^s)ol Si 4. 5. 21**!! £44 4 
S.^ D-FF7> 4fe D-FF°l31. 4fe D - FF°fl ^444fe £ 18°fl £44 ^Hl 4^4 

444 £14. 



£ 21°ti £44 ^Sl 43. oil £144, 4^ D-FF*r 44(chain) ^#44 £14. 44, £ 2i«Hl £44 feel 

s.4 4-4^ 42:# 4^44. i?Jt 4fe D-FF(208)4 #44 4fe D-FF(209)Sl #4-fr 4l NAND 7fl 

4S.(2H)ol] <y^44. i^Jl-S- 4fe D-FF(209)4 #34 ^?J}# 4fe D-FF(210)3 #38- »ll NAND 7flole (2 

12)4 ^344. 4]i NAND 44^.(211)4 #34 4i nand 445.(212)4 #3-8- 42 NAND 445.(213)4 «a 
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334 4l NAND 44^(212)2] #34 ^*S# 4fe D-FF(210)^ #3fe 4l NAND ^lH (214)i ^W 
4*e](215)fe ^4* 4fe D-FF(210)^ tf*> SI ^4 ^s)4 ^fc- #fe D-FF(210)2] ^Jl «>br J 
*>fe ^# 4fe D-FF(209)3 i^H <£ 444 3444. 4fe D-FF(209)2] — ? J1 4* 44fe ^*B# 4- 

D-FF (208)21 i?J °1 #44 3434. 



5L 184M4 44 £ 21* ^44 SL^ A 14 fe-£ 444*4 4 *I*<>1 *JN4 *4 *3 3^ 44# £ 

AleV ^olct » i^-ir £feD-FF(208. 209. 210)2] #34fe ^44 2-S 34 43 4^4 *H444, £ 
2 H SLA!*' *A 43 £*>fe i4* 2fe D-FF(208. 209, 210)2] #34 Hife *\+ * 4*3*1 "0"4 4 
od5i^ 4 i,co| Alj:^ z^zt-i- »4^\a^. 47H. >^-§- £fe D-FF(208, 209, 210)2] #34 4, =^444 
a1°)1 34 ji sl ^ «.a}3 o]e) aijl Jgji(i^«H ^(ioi))fe 4S1 34 ^ **H 42.e]( 
2j 5 )s^ ^434 4£ei (2 i5)fe ^s»44 as- A H 34 $33*3 444 3e] 4s. ^(^44 

46«(101))* i«* 4fe D-FF(210)2] ?! 44 Sl4 4*44. 4feD-FF(210)fe ±® 91 44 SI 

4 <S*3 a1£* #3 Q<H) #34fe *aH aIjLI- i<g Qz\ SOS-^n ^44 4fe D-FF(209)3 

?! 44 Sl4 4*44. f^M^^s, i«* 4fe D-FF(209)fe 4 44 Sl4 444 4** #3 .WQJ 
aJ^s. ^ <>}* SOS^-El 4fe D-FF(208)3 4 44 Sl3 ^44 4444. * 

«i« o.s 4fe D-FF(208)fe i« 4 44 Sl4 444 4£* #3 44 Q4 444fe **H 421* 

^ 0> £ S03^-e] iJffl-g- ^fe D-FF(£Al*M 8t'5a*)Sl °J «4 SHI ^l*«4. 

«v<q- ^oi, ^«»M £S a] on <q«-^j o. a u]^ JM«b1b1 *!^ ^a.(^«»H 

^«i(ioi))t &***feD-FF»oi**°i -a^* si4. 

NAND »lolS(211. 212. 213, 214) ^4 31 S^l^# € SLH(^«4<»1 ^= *l)*Hr 2£ 

-a^tt »>4 ^4. ■f-'St! •M'S* o]sv^]^ ^3=t!4. 

£ 15 £fe £ 16^1 CAD Al^ofl ^*B. i^l«>°| 2.— AH ^ 3L^^ o S *>^^fe H 21$ QsL^ £ 1 

E 22-t * ^el* ^^*V* £^°14. 

S. 22^ S- 15°<l E A 1 1! CAD Ali^ vfl^ * *1« ^(104)21 ^« S.a1s>3. &t}. 

7l^sl feel sissi iflm e^S^Me fe-SI S^)°J -33 fee] $3.(100), ^ a >ol 2-=- A H fe^ 3l 
^^^s *W>7l m € o) ^^o] safe « ^oi«ele)(« 3jt)S! fe^4 4ol«e^(103) ^ £15 £fe 2 
16-11 HA]* cad WW -iHt^ ?io^, i^«>ol as. a] 71* fee] sls.21 4VS.«H1 ^€ Aj^sioj q,^ ^ 
3t*(i09)* ^# ^(110)^ <a344. ^> 44 ^1, 9m feai $3.(100)4 

ol 44(ioi)4 44Ai £ 154 -fl^ A v!5. ^(102) Sfe a 24 HAi« feel $ m J 

a 4** ^°14 ^ $3 ^(iio)fe ^ ti«(i09)* 71^3 e>o^ 7 m « 444 mW M 
ejol^els^ fe>i 4^4fe4 i4^°J * n$ <i Sfe ^ 7fl^ ^ ^(111) 

fe sis ^# ^(110)4 -«l«B 4i«j4 ^ 7flsl ^3^ ^s] 7lfe ^ ^^1 $3 :nel44 . fe-M Sijr 

5 7 >* twos *>^}fe 4421 ^i* ti^*4. «*1 $3 ^(iio)4^ ^ « 7flsi «»i 

^(111)4 SH^^sl 7>^ H>*aj« € ^3 ^elfe ^*flAi^i ^ferf. 42 4 *1« ^(112)4 «<H-H. 
Tie -tfe $3 Aj^j 5]S.(111)4 Slsfl Ai^^ 7 >^ n>*^« ^3 <A* * *9««44. £ 23 

* #2:*>Oi *]«• 4^* ^^t!4. 



^4 44 44 £ 154 SLAl** *13**(104)*«A1 $3 ^(110), $3 ^4(111) « 42^ 
^4 ^4(112)2.3 ^^5)4 SZ-°-4, 43-S: 4m bI^eo] ^ 3 feel $3(105)1- #344. 
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51 23* * 333 ^lio 3343 3 333 433. 



S. 233 (a)* NAND 432=3 33 *3 S|3.33: 333 NAND 432=* S. 193 (a) 4 5.*]$ NAND 43 S-3 
*33 2=^53^3 £^3. ol ^ S * 4l 33 33 Al. »12 33 33 A2 3 #3 33 OUTPUT* 7>43. 

3 *3#3 PMOS 2= €3^3 (207, 208). 3 *333 N MOS B33^3 (209) 3 ^ *33:3 NMOS 2=*S3^3 

(2io)s ^333 33 33^25.3.^3 34 ^«|^os. ^ ^34 as- 34 33 33 ^?4 *n* 

« Jl *3&3 2=^3^3-& ^ £=#0.3.3 Jl33.°-3 333 33 4*4. al *333 2=33^3(210)* ^ 
««H S.k 34 33 #4 Al4 3Ji "0"* ^-33-2-33 .2.5-33. 333, 434 233 (b)4 5133 

43 £4 i>&33 44 aIJ: 4>§ "0 n 4 *33* 4l 43 Wl3 NAND 43^3 4l 33 33 Al4 3^r 

33 5iu' -ti^ 4^ t4 *33 ^2 43 W27> 42 33 33 A24 3^33 sa* 4, ^ *333 1=33^3* 

gMi^ 3 7) 4*4, #3^r°-3*3 34 #3^-°-3 *=* ^ *>3% *r S3. 



33 NAND 43H3 243 33(A1, A2)* *335L3 *334. ^ #3&* 3 3 33l3 33. 2 «3 3451 * 

333 &*3. 333. nand 433=3 33 ^44 43* h®« ^ 33. *^3^3 *7>3 33 334 

44-4 33 334 3^r3 33: 333 S3* "3 :s3"43 333. 

« S£ *3 NAND 432=* £ 233 (c)4 51333. 51 233 (c)43. 3it 4^ "1"* *33* 42 43 W2* 
NAND 432=3 4i 33 #4 A l4 ^^i, 3i 4t "(M *33* 4l 43 Wl* 42 33 33 A24 
33. ' 

*m*>^ ^3 ^ i«l sa3-. 
H 243 £ 25fe * #^3 -t4 =fl^r 42 €^£* ^l*Val 5a3-. 

£ 243 £ 25fe S. 15. £ 16 « £ 224 ¥^ *m (103)4 %<L3-*\, ¥^ ^^-» £3 

*m*>7l €3 42 ^e}£# 53.+}*}5L US*.**, £ 243" H 25fe 3-°13"3 ^43 fe^ 4olS». SA>S>al 



S. 24 (a) 4 $U<H^1 ^> CKfe al S3 PMOS S«*)^Bl (160) (=3*1*1* ^1*^)3 4°1 

SJ q. ^ $6)^ NMOS s^4^3 (162) (3-<>m3 ^43 fe3 43^3 *3 S>^3**)3 432=4 ^^33 9X^. 

4^ 7flSl <?J3 #3 INPUT 1. INPUT 2 INPUT n(n* 3=3 3^)* 3 *3S3 NMOS S ^3 —3 (163. 1 

64 165) (*87f* j=s33^3)S. 3^.(161)4 ^^33 Xl3. *3 ^3 OUTPUT* JL *3S3 2=^3^3 
(160)3 3s.(i6i)3 ^^3^ ^(166)4 ^^33 5*3. 33 ^3 ^ ci se« ^(166)4 ^^33 5U3. 
£ 24(a)4 5a33 3 *3S3 343 2= €3^3 (163. 164. 165)33 33.(161) 443 3*331 #33, ^7>* 
3S.3 2=^3^33 ^sfe 432=3 3^4 3*fl ^333 4*4. ^3$ 2=^3^33 ^r* 344 4^33 «i3, 
44 2£* n 333 2=^3^3 2£¥ 3 3* ¥3 2=^53^37} 3** t£ 5lI3. 

s. 24(a)4 £3tb 33 ^s3 43m* "3333^ *3 43S"3 3^3. 333 3333 *3 432=43. 
432=3 *3* 33333* 44 3 *3#3 NMOS 2=^13^3 (162)7> 3*33 &* 3*£ 33. 

oi*>, s. 24 (a) 4 £33 3333 *3 43^3 *3* ^333. 



#* 3J: <d y\ 4 3^> ck4 3^3 ui *3S3 PMOS 2= €3^3 (160)* 3 *33 "l"* * 
3 37>4 *^333. i^. 33 ^3 £^ Ci* 33 33 33 *3333 33 ^3 Ci4 ^33 33* ^ 
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tflS. 3#33 -ilH 0 3 * "A. #3 CK°il 3^r€ 2 S-3&3 PMOS ^3^3 (160)fe V -2- = 

SjJI S]S(161) ^13 Jg7>-8- 3 S-3&3 S^l^ife *<5* 'D3 «3 INPUT 1. INPUT 2 INPUT n°fl 

tfl^'<a^ <il:S:3 n^ef ^ ^ £fe ^ i2.2.€3. 333. 33 %3 ^ CH 333 *33fe3, 

I&fe 33 33SL31 #3°1 ^*fl^l^l7> ^333. 

51 24(b)fe £ 24 (a)°fl H3« 3333 fe3 33*L3 ^3* =3* 33 ^3 4. 

fS A]i$ 7V "0"« »B 3333 -tlx 33i=fe H3333 ^ v 33 5d3. 33$ 3*. 33 ^3 ^- Ci€- 33 3 
•£.03 **333 33*^3 ci°fl ^33 3$fe atfi3 -fM^3. #^ aIJ: <d 7> "r3 m. fe3 7fl°li=fe 3 
7> 33°ll &3. 3333-f , 33 ^3 ^= ci<Hl 33€ 33fe ^3 Vls)7l^ 33 333 3333. 

£ 24(a)11 5.3$ 3333 feel 3°lH3 33 33* 33-§- £313^33 3*B 33 ^3 i^ofl ^S}7> 
^v^fe ^333. 333. £ 24(a)3 £33 33 33, ^-3 ^Slfe *g7}-g- JL 313^3 (163, 164, 1 

65) "k A ^#2) NMOS J= ^3^33. ^33^33 333 ^ 33. 33. H3333 J= 313^3 (160)fe ol £-3 

33 PMOS J=iffl3i33 ^33 l***, ^ <D 7> SL£L 33 TS *^33 J^^M 

3(160)-!- € ££€4. 333, 3$ 33Jl3Jf3 33 £3 *>33 333 ¥*l 3^-fe 33€ ¥ 33. 

£ 253 ( a )3 333 #3" <S3CKfe i £-333 NMOS HSS3^3 (170) (= 3333 £313^33 «l-§-^)^ Tfl 
3 £3 3 3-333 PMOS 3=^3^3(172) (33333 fe3 33lM *^ 3333<L3 ol^)^ TJlols^ll 3^r 

7lis1 oj^ ^ INPUT !, input 2, INPUT n(nfe <$2\ ^^)fe ^ PMOS H^^l^^ (l 

73 174 175)(sg7>-§-S^l^S.ol^)S.^€5lS(171)'H] OUTPUT^ ± 

B. Clfe's^f- al &mk2] NMOS H€^1^3(170)^ 2)51(171)7} ic=(176)°H S 25^ (a)°H^, 

^ 37fls1 e^iEUl73, 174, 175)tVol 2)S.(171)^ll ol-g-sjol 9X*}V. ^ ^7>-g- ^S-S] ^.^^1^ ^ 

^ 7flo]E^ 7l ^-oll o)^ ^^5]7l m«-ofl, ^fe 37H<»]^- $33*1 27fl Sfe ^ °1*> ^ 47fl £ 

£ 25S1 (a)^l SL*}& 7flo]E^ £ 24 (a) °fl TflolS^ ^0]^^ fee] 7flolS«l^. £ 

a>«4 ^-oi, feel Siol^l, ^-f^llfe TlHiM ^ "?>3* ^ P 

M0S S^*1^E^(172)7> 

ol*>, £ 25S] (a)°ll H^l^V 4°14 D -1^ feel TflolSSl -S-^-fr ^^$4. 

Alj: 0 7> "l«ol « nfl CK^ll ^^3- ^-^^3 NMOS H^NiEi (170)7> ^ fe5l«^ 3^ 

^5 CI °1 1^5lfe*l'5Efe ^HflS -fi-xlSl^l "0-ol #^ «*W * 

^^cl- Ali $ 7 > -o-ol * «fl ^> CK^l ^^€31 &^5)t^ NMOS £^^1^3 (170)fe € 3) 

3.(171) ^ Sl^7>* ^ ^-^?IS1 i^l^fe 7flS) ^> INPUT 1, INPUT 2 INPUT nil «?J 

^ -tlJifil s^oii 4^ ^ * € 5.=^^-. 4eM, ins.7> ^€ ^-S ^ *^<H°> *>fe^l ^fe w o v ^ 
<H o> §>^^l 7> 1 « cf. 



£ 253 (b)fe £ 253 (a) 11 s.*m 3°M3^ feel 7floiH3 ^-4* £^l«>fe ^<»l*8£«»m. 

#^ Aii a, 7} "0"°J feel Tflo] efe s§7> ^-gflofl 5a 0.^, 33} £tt 7>3 *^3>m -fi- 

3€3. 'M -ilJ:3 "r°vi W feel Tflois^ «3*M3 -iHH fl-S-Pl. ^- C1 °l ^^3^ 

°> 6>fe3 ee^"^^ -£31 s. -R-^13<>1 0 > s>fe33 ^^€3. 
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i 254 (a) oil fee] 7\}o]S.S\ *]£,£. 3§7>-§- £ ^^e^ ajtg. lcE.S] 4£ 

ofl nj-sj- ^^i}. n^eM. s. 25^ (aH £4* 44 *M. ^4 ^Sfe s§7>-§- H€4i3(173, 174. 175)1" ^ £ 
PMOS JE^I^eU ^^o.iM =r &4. ««. 5L3*H-*1 (170)fe -0. S-3&4 NMOS 

E^l^ElS nfl-g-ofl, ^<a-O.S.Jf El ^7} 7$ 3.2] fe<g ^fe ^4°1 A] -#7l 

<X> 1 "0"*-S. ^^sM =e)*l-o}-*l £^4^(170)1 "2 .2.^4 ? J JL43-2-5. 4 1 &4. 



£ 26?]- S. 27fe cH^ig fee) 7l|»|St °l-g-*M fe tf»a4 All ^*Hl .£44:2. 5-14. 
£ 264 £ 27°ll 5U<H4. SjSfe 4°14*11i fe47fl°mi ^±3- 33^4. 

£ 26°fl Sl^H, *]1 4°14 B 1^ fee] 7flole(262)fe <?]wlEl (263)1 **H *fl2 4°144*g feel 7flo] £ (264)°fi 
€4. 



o^l^. afli cH 1401^ fee] TlH Ji. (262) fe £ 24(aH £44 4°14*]^ fe3 7fl<>lH4 "1^4 4^4. 
Tfll tq-olul-^^ fee] Tflole ( 2 62H £44, #1 #4 CKfe JL PMOS ^ ^4^3 (250) (HS]^W 

*liE]5. °l-g-^)4 7i]c.]esq. ^ §-^Sl^] NMOS 5.^4^(252) feel 7fl°lms] -g-^- 3}~§- o.£ °] 

-S-^)2] 4°lHoll ^44. 7flS] #4 INPUT 1, INPUT 2 INPUT n(nfe 43 ^)fe 4 £-^&2l 

NMOS 2=^*1^(253. 254. 255)(^7>-g- 2=31*1^5.^ o)^-^)S. tM34 35.(251)°H 3^r44. #3 444 

«r3 Clfe ol €-3&4 PMOS S^^^E] (250)4 $S.(251)7> icH.(256)°il ^444. 4 

4 £°1, 33-(251)fe 4 €"3&-§- 4fe 37114 J§7>-§- 2=^*1^(253, 254. 255)1 3L^-«KH &4. ^44. D j7}-g- 
h^Ia^o) ^fe 7fl°l2E<i] 7lfeofl °}*fl ^^s]7l nf|£-<4 2= €4^43 ^rfe 37fl EEfe d^o)] ^34 ^l 
4^ ^-f^fe 47fl Sfe n o}^2\ £S^^E]S ^-3*1 °l-8-€ =r Si^". 



1^01x4^^ fee] »lole(264)fe £ 25S] ( a )°)l S.Altb 4 0 ]M-^^ ^2] 7i]olS.4- -S-^ti: iit #^ ^ 

4 CKfe Jl -S^ms] PMOS E^l^^E) (259) (HEjjq-oVXI- S.^]^E|5. ^olss}. ^ f-c^«] NMOS S 

?|^>iEl(261)(4om^^ fee] 7flo]eo] ^ c>^^o.s. ol^) ( ^^ e>olfe &&-§-)£] 7l]o]S.°il ^ 

^ 7fl4 W INPUT 1. INPUT 2 INPUT n(nfe "$£] 

Clfe ^V^sJ-l 3*8 ^*}S34. SEtb. *]S.(260)S] ifl-*f ^Sfe ^ fe^St* ^fe ^7>-§-S] NMOS JE^^l^El 

S. ^3i]<H ol^^^fe 7flo]E o} ^feo,] t4e]- ^^3^71 n}|§-^ 5.^^] ^5*4). 

•?lB]El(263)fe ^€ ^°J-^£] *] €-^S]t4 PMOS H^^l^E] (257)4 ^-^^-2] Jl ^-^StS] NMOS 5.^*1^ 
(258)1 5L«-*]-j1 Si4. 

^ll cfo}i_)-^^ fee] 7fl^]H(262)S] #^ ^"4fe <&»\z\ (263)4 ^^=]fe (263)2] #^ ^ 

7>fe t±o) 14^^ fee] 7floiE (264 )s] <a<3 ^Hl ^^€4. 

^^-o), tiV^ CMOS 7fl°lHl -f-sfl 4°144^ fe^ ^HE-g. ^^S>fe aj-ig-i- "£i>lt feB] (domino logic)" 

4 ^^4. 4°14^1^ fee] 7fl°]S7> 2]^ s]s.s] ^<s°f] 7l<?leH cf-e- 4°14 B ] i § feel 7fl°lS7l- 

7> Sns. ^<Q^ -#7} c]-o|x4^^ fee] 7fl°l5.ofl -il^V °d^44. °l?ife 47lAlt!4. °le^ 5.^-4^- 

«o^l47l $14^, £°1^ fee]7> °l-§-^4. 



°l7lAi t cfoluf.^)^ feel 7llolE(262)Sl s§7>-§- e^I^eIS. z] €-^5)12] NMOS S^!4^^S. S]S.(25 
1)71- sg7> -^-Efl AH ^3 CIS] aj-^el-fe ^r}.^, ^1 t^om^^ feel 7fl°]S(262)Sl #4 
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xiSfe » 0 "°1 €4. ^e]JI, &^°\] afl*l€ *1 &mk2\ PMOS H31*l^El(257)fe <EH 3^r« ?1»1eU263) 
ofl^ ^5)71 Bfl^ofl, ^ 4rSL7\ *7}« ^ ojc}. ^^^V «}*} £°1, ^7}-g- ^5.(251, 260)fe *fll tHu}^ feel 
7flolE(262)i4 *fl2 cHv].p^ feel Tfl °l£ (264) °fl *1 *1 ^SJt^ e^^^s. ^S|7l «fl-g-ofl. ofe^ 3 3.4 ^ 
2} ^r£fe *7>* ^ Sic}. 



Hel^W ^7)^1(250. 259)fe *fll fee| ^l°lS(262)^ *H2 ^1^-1^ feel 7)1 0 1 ^ (264) °H 

^ i?)H>ol S.— A-H 3. &mk$ PMOS ^.Sa^^E]^ ol^-S)7l nfl-g-ofl, o.^..!^ 3 7} *M4 3 

S.S) ^r-i ^ff-fe Aji$f]»s 43 «W =e)^W S ^7-1^(250, 259)1" ^ -2.5*1^.2.3*) JL-43-2.3. 



5&th ^<ffl«H -E.J= a], c}o)u}r>ltg fee) 7}He (2 62)S} ^ 7 >* S**!^*! ^ NM0S3 =W6 33 

(251)7} Sg7} ^Eflofl SZ<H^ ^3 ic— CI* ^SH^H* t^S^. ^ 3)3(251)ofl S-fe ^3 I 

NPUT 1, INPUT 2 INPUT US- & "l"ol *fl^=l5^- S)3(251)Sl #3 4l3:fe "0"°1 34. #31 

3*1 ^ ^1^1 ^3S) ^fe <?1h1e1(263)^^S. i^^S "r Xlfe'C °l fe 3*1 

SL NMOS 5.31*1^ (258)7} *fll t}°14^ feel TJH H (262)4 #3°fl °d*\*\ (263)°lH 

€ nfl&oic}. w^^ 0 !, ¥4 t}°H4^ fee} 7fl°lS o}qe} ^niic fee}-!. oi-g-*H # 

olHl&loflA} tJfJ|o.i *}!£££ ^ 3)3.2) 7} ^U) 4*40] c} ^ JfltJ.. 



S 27°)H. *fll 4«W°-11 fee) 7flom (2 82)fe ?I«1E1(283)» **fl *H2 t^m*]^ feel Tflol b ( 2 84)°fl 3^r€4. 



o)7H, *fll cHu}^*§ fee) 7l]c.lE ( 282)fe S. 25^1 ( a )°l] S^l?!- c}°!M"^^ feel Tfloles} Jg.<gx£ =^3,3, 

t}. cMu}tqtg ^b] t)]o]H(282)°J1 XZ<H^,#^ ^7}CKfealfe^?l:Sl NM0S S^)^^ (270) (5Le)7}o} 

*1 E^7)^EiS. ol^.^)o) Tflol isf ^ €-^^Sl PMOS S€^l^E ; l(272)(c} <:> m^^ feel 7fl°l^ ^*-§" 

0.5. ol-§-^)S) Tflo] Eel] ^^^4. ^ 7fl2l ^7} INPUT 1, INPUT 2 INPUT nfe ^1 PMOS 

e ^71^1(273. 274, 275)(^7}-§- H^lriElS.A-1 ol-g-^)S ^€ 2]S.(271)oll ^^€4. #3 ^*} ^ 

i^H Clfe 31 ZrmkS] NMOS ^ ^7)^E}(270)2} 3)3.(271)7} t=(276)<>ll ^^^4. «>4 3 

7flSl Jg7}-§- ^71^*1(273. 274. 275)fe ^15. (271)°fl^ °l-g-Slal SX^. ^7}-§- S^liE^ ^2:fe Tfl 

olH^l 71^-ofl Sl*fl ^^Sl7l Bfl-g-oll, MSfl^]i&l^ ^rfe 37fl afe n Dl^ofl ?l^Sl7l Soi), olig ^-foilfe 47II S 

fe n o]^£) E^I^^^T} tg-cg^l ^ 50c}. 



7fl2 ^om-q^ feel Tfloje (284) fe £ 2531 (a)°fl £^1^ feel T 1 ** ^^^4- 

-&7} CKfe a &3&S1 NMOS e^^iEl(279)(Hel7}o}^l e^^I^e}^ ol^-^)Sl TlHsa} ^^Sl PMOS 
sigi7liEl(281)(c}oiv}El^ feel Tflol ec} ^4 o>^^o.s. ol-g-^) (;§.*} e}°lfe £Als}7l e*^)^ Tflol sofl 

^#^c}. SlS(280)(^7}-§- E^7liE}3 ^>g^)«Hl ^€ ^ 711^1 ^} INPUT 1, INPUT 2 INPU 

T „4 ^7}ofl #i>\ ii= cife sissi ?vefs}# ^«fl £^1*W 8^S*4. 313.(280)51 

fe TflolJis} Tl^ofl o}«l) ^^5l7l nfl ^ o)) -Ht*! £AlS}^ ^5*^1^, ^7}-§- ^ ^l^iM 7^ §-^^S} PM 0S H€ 
7l^El£ ^£)cH 



oJ«lEl(283)fe ^i^^Sl 3. ^-ejSisl PMOS =^^1^(277)4 ^^1 £5)^2) *\ NMOS SSH^l^el (278) 

Tfl] c}olu}?l^ feel Tflo) s ( 282) Sl #3 #7}fe ^] «1 El (283)^1 ^7}o)l ^^5]J1, o] «1 El (283) Si #3 #*>fe 
^112 iq.01451^ feel TflolS(284)Sl #7.}°)! ^^c}. 
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£ 2741 5E.44 45. ^-2:fe 4^4 £42*' fee)-& 4444. SL 2644 443* £ 2641 444 4444* fe4 >fl 
o|I7H 24(a) 4| £.44 4444* fe4 TflolH. * =4444 H«4^44 a §-444 PMOS H€4^44 4 
o]v+Bl^'fc2l 7)lo|EO) ^,^1 2741 444 4444* feel 7fl4Hfe £ 254 (a) 4] £44 4444* fe 
e) TflolS, ^ = 4444 H44^47> 3. §444 NMOS H€4^44 4014^ feel XMH44. 



oj7H, *0i 4444* feel 7114^.(282)4 3§7>^§- £«4^Nti 4 £-444 PMOS ««4^*|3. 45(27 
1)7> Jg7> -a-Efl A]ofl #4 ^-a) tE C'l* ^44^4 4^4 "5. ^1 4444* feel 7ll4£(282)4 #4 43:7} " 
r ol s\6] 4^ ^ofl 444(283)4 34 44441 afl^l^ 4 §444 NMOS S€4^4# 4-§"444. 44 

^ ^ ^ 4r£fe ig^Vs) ^ 5^4. 5.^. 4^4 44 44, 3 §7V-8- 45(271, 280)fe *Hl 4444* fe4 7ll4H( 
282)4 42 4444* feel 41 4 i= (284) 41 4 £ 4 -g-444 e.314^43. ^444 nfl^-ofl, n *4 4-5L ^7> 
* *r 44. 



44 =4444 £^4^4(270, 279)7} *fll 4444* feel 44^.(282)4 42 4444* feel 44= (284)41 
4 a £-4&4 NMOS H3!4^4S ^444 4g-41, 44 44-°544 34 g*) 444 ^54 ¥4 44fe #4 
4s: 4> * "O"*- 5 4444 = 4444 = 44^4 (270. 279) # 4 444 ^ 514: 



^444 S.2- 441. 4l 444^1* feel 711 4S. (282)4 ^7>-§- £44^441 4 §444 PMOS5 ^?44 4 
5(271)7} 47} ^41^' 44 3*4 ££ CI* *444£4 ^44 44 45(271)41 344 4*n 44 SL 

fe H4 44 INPUT 1, INPUT 2 INPUT n41 43L 4 "0"7> 4^4fe . 33.(271)31 #4 4xfe "1"4 

5)ol »]i 4ol4u|tg feel 44 = (282)4 #44) 344 444(283)44 4444 Jl §444 PMOS 
(277)# 4 £ =444. 44*1. 44 #'&SL3.ij-t\ ^4 ^4 44^1 %3S>\ fe-i ^fe ^1«1 El (283) 414s A 4 3 
_o 5L 4 sjcf. affif ^o]_ ^ 4^-fe 4°14^ feel Tflols -fl^v 4M4 £ D 1^ feel* °l-&-4°l ^ 

«?J4 *!>H44|4:e S4^^s 44€ ^ SU4. ^s. 5 ! 4 ^4 4^ ^-4°1 4 Sl4. 



H 284 £ 29fe 4 c '14^*§ feel TflolES. ol-g-^V fe ^44|# £*143L sicf. 

£ 2841 «44 4°14*J<8 feel Tflol e S sissl <a3-8r *^«§£fe 4*14 #^41 ^4^^-£ 3^444. 
44 4441 (Sleep) 4±s4 ^^44. 444. *^ 4^4 ^444 sl^ 441 4-?- J?s«1 ^-°14 

44 4^4 43: ^^.(^44°! 431 (101)) °1 4. 

rfoiq-Dj^ feel »14S(302. 303. 304. 305. 306) fe 5E 24 (a) 41 H44 4444^ fe4 44s44. = 4444 
m44^4fe 31 ^-444 PMOS h44^4°1^i. "34 44fe a J7>4 H44^4s4 4 -S-444 NMOS ^4^ 
4s. ^44 ^s.41 <a444. £ 28414. PMOS =«4^4(307. 308, 309. 310. 311)fe 4444* fe4 44S 
(302, 303. 304. 305. 306)4 ^ *4*4 =4444 PMOS H44^444. #4 4i <f 7} ^44^, 4444* 

fe4 71)4 = (302, 303. 304. 305, 306)4 4^.(312. 313, 314, 315. 316)fe 4 §"444 NMOS S.44^43. ^ 

^4 47>4 4S.44. 



40114^1^ feel 7)14^(302)4 *4fe 4444* fe4 7fl4s.(303), 4444* fe4 7114^.(304) « 4444* 
fe4 7114^.(306)41 «8444. 4444* fe4 7114^(305)4 #4fe 4444* fe4 t)14H(306)4 ^44] ^ 
44. St, 4444* fe4 ?114H(302)4 <a4fe *^**(FF)(300) 2Lfe 44(317)41 444^-S. ^^44. 4 
444* fe4 44S(305)4 °J4fe efl4(30i)4 #4 <£fe 44(318)41 444^s. ^^44. 



5\sl ^4 sis. Aicfl, 4444* fe4 Tfl 4 £(302) 4 4444* fe4 >04s(3O5)4 <a4fe *«*»(FF) (300)4 
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31*1(301)4 ^ 3^4 ^<sM°l aW. o]e^V 3€(317. 318)4 3^€4. 3«(317, 31 

*H cWuf^ feB } Tflole (302, 305)2) 33°1 £<&03_ 2.^7} 43-4; ^ ^««M 5L~ *H Ajs 
# "j-ol cM^^ feel Tflols. (302. 305)21 3*11 334 *#*M 4S-4. cH4^ feel TlMe (302, 305)2} 

#3 ^ljife (4om^ feel 4 °m (302. 305)2} 5e)W S 31*1^4 *^«) 33: <D * 'T3. -£3*13 
o_s.^ -0"o) ^4. ir]-eH, «aale^7V fee)* °l-§-*H ^W^^ 4°U=L A >°H ^* 4**3* "1"£ 

tftf ^lolElS^-E-1 "l"* 4"§- #2j tW^H >MS4 *5«tl-. . 

3+4 544 A i *1 ^5)t2l PMOS e^^fe 33^H1 2. S-3&2J NMOS 2=€*l^Elfe 3*1 

*4|*4 afl^lslfe £ 264 °Wi7> °l-8-« + SX^. «»KW. ^««W -2-= aHI, a. ***«k*l NMOS <=€*! 

^ejfe 3 iLH*H 444^<8 ^3 4°lJ= A H4 3*134 4*IH 33 ^^S-^-eI 3*1 3*1 *>*1 3iM 

«>fil- ^ol -fc«nH £H AH), S1S.S1 itH. 33 33"2l cl-oM^^ ^3 7fl°lSS.2l 33 3£fe # 
i Ajjia ^o_s. o>^^o.s.^l -87)1 S3* <r 9l°-2-3-. ¥3 3^2} 3-3 3 *}<S°) ^33 *r 

£ 294 XW3 2. 2821 3 .f ^ go], #^##fil #3 Efe 2fl*l2l #34 3«!3 o. S 3^3 -fe^S. 

^ ^ ^J-ofl 3#Slfe tH^U feel TflolSS 51S.21 <a^fe i«u>ol £E AH St\+ $3.3.^ $5.4 

^4=lfe D lsl ^Ji ^^-(^€«>°1 ^ v ^(i0i))°m. 

cfol^^ feel Tflols (322 323. 324, 325, 326) 3*11 = 3*H-*1 H€*1^7> ^7>-g- JL ^^s] NMOS S 
^l^E-lo] £ 25^ (a)ol l cf 0 !^^^ ^3 TflolJEolcf. £ 29°fl Xl^^. ^ 7fl°lS(322, 323. 

324 325 326)21 NMOSH*^^ (327, 328. 329. 330. 331)fe 2 ^r^St* ^fe =el^o>^-g-2lNMOS ^ 
^l^ElSAi, ^7loJl *^ AJ3: 07} <a^S)^l. tfoli+«Ifl feel 7lMS(322, 323, 324, 325, 326)21 ^5.(332, 333. 
334. 335, 336) fe *1 €-^^2l PMOS H^^l^ElS. ^€ ^7>-g- ^S.ol4. 



^olt+nj^ feel^ TflolS. (322)21 #3fe 4°!^^ 7fl<*lS(323). ^°1^^ fe3 7fl°m(324) « 

feel 7flolHL (3 26)21 -y^ofl 3^«tf. ^l^^ feel 7flol2= (325)21 #^fe ^ ^ °1S (326)21 ^ 

■«M 3^«^ ^l^-7> cfol^^ feel 7llolE (32 2)Sl <a^fe *«*»(FF) (320)21 #^ Hfe 3*1 ^€(337)<>I| 
Ai«13^S. 3^«t|.. ^olv4«l^ feel 7H°1H(325)21 28*1(321)21 Hife 3*1 ^€(338)°il 



40^51^ feel Tfl ole (322) 2> rl-om^^ feel 7fl°l]E (325)21 ^ ^fe S?S.^ *^ S-^ A H *ti**(FF)(320) 
4 211*1(321)4 ^ 3^=1°! ^€«>°1 Aloflofl^ ^(337. 338)4 3^4. "l^ 3*1 3€(337. 338)fe 
^ A1JL5LA121 *>fecll a ^^a>cl £ c aHI 3*11 33.21 icH. 3*1# 3*1 3215. 23tV^. ^. 

Ajofl ^^H 4*14^1^ fe=l 7llolS(322. 325)2) oj^_ ^ a1Jt£ »o»fe ^€«>«1 £^ A H *H>WS 

feel 7llolE ( 322. 325)21 <S^ofl *#5a^. ^ ?H«>1S(322. 325)21 #3 Ajjrfe 40]^^ fe 

el 71101^.(322, 325)21 »el*>«>*l m^*l^( 3 27. 330)4 ^=)fe ^l^it* "0"iS. "l" 0 ! «f • 

oiaiE^7> 3£Pli feel* 01-g-sH ci-oix+^i^ feel 7ilois4 33« 4. -tl^S "l"* *^ °J*1eH 
j7 ai^W 9Jb 1 e1s.^e1 #^sl^. ^131^ "0"fe *^ 4*^21 rfom^tg fc el 7flols4 ^^€4. °H 
jx^^2l pmos H€*1^7> 3««H 4*lsl^. ^ ^^21 NMOS S€*1^7> 3*1 3«1^4 ^fl^l 5 ! 
^ £ 274 ha1« °J»1e^7> ol-§-€ ^ sa^. 4°14 D -1^ ^ 4°1S4^ ^ D x> *WQ T*o]x}vm feel ?flois a>oh 
5"B€ °J«1E14>1. ^€«>°1 ^14. 3€ 3°J^-S.-?-e1 ^^1 3*1 ^>*l2l %z.s\ fe^ 3^-fe ^ pmos 
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3^ tt><q- ^-o], +t&v\o) s-s. ah ^sfl sissl iis. #sife ^*1 3^.3. -i^sj-<4 3#Sl «>^Jj- 

€ 3L^« ^ ^4. 

£ iJ-'Sfe 31- *) gratis] <& E^fl^^&l^ ol|^, i^u^l as. a] ofl ^ Qfti -?rS-*}7)] *fl<Htb 4 1 Sife **1 
ofl, -^M 33.S1 a el ^ ^ss] *i<3 #^*H 3.s.sl ^ «-sM7l ji. ^ £*P1 ^si *%M« *r 

(57) ^sj >3s] 
1. 

CMOS ^ 3.£.<>II SU^i. 

Aj-7l ^li SIS. oil ^#^1 °.S.A-], AJJ:7> SAl^- nfl nY&Q aI-^s. bV^aI^ *f|l #3 

31 «H S1S.S)-; 

a>71 ifcuW ^s.ofl ^^sjoi, Aj-7i i^iwH slsiMM^si *fli ^ *fl2 %n # ^<H£ *«2 
sis 

-1- a.^>ji, 

aj-71 *fli * *fl2 Slsfe S--¥- 3i S-^&si ^.^^4 71 -g-^&sl B€*l^* ^«I*V^, 

AJ-71 Jl -g-^ e^^I^e^ i^u>ol aHI a>71 afli 5Efe *ll2 SJ3. OFF -tf^l- S)<H #71 CMO 

S $5. Si ^ ^Al-7)^ ^o] CMOS ^Bl SIS.. 

2. 

^1 

3^ 3. 

CMOS feel slsofl XI °H. 

Si-?- ^^Si-fr ^^Al?l tiV^^ AjJl-t- #«SRr Tfll JISS}; 

Aj-7l ^| 1 S)S ofl ^ O.SAi, i^Ul-Ol A} i7 > ^V\o] ££§ SAl^ nfl A o V 7l ^JJl* S>^^1^ ^1 

aj^s. ^^*f3i, a>71 i^w>oi ^]^ 7 > 5.a1^ nfl ^^l aj^s. >|| 2 aij:s.a-i f^l^lfe ^ 

^H>ol SlSSl-; 
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sis 

^•7) ^ §-^5)t^ e^^]^e^ -f^ S.IL Alofl 41-7I a)H 5E*r .afl2 33. ^ *frt-MM ON 5)ol >y-7l CMOS 3 

S.S1 *4 ^£.1- ^ 7 M?lfe JSjo] CM0S feE ) s\s_ 

Ai*M &°)*\. <#7) *)li $2. 3 AZ s.^f- zj- & « £-3 &3 SsE^l^Ei7> stfli) 

^Efls. ail 3^ "Jl^el* ^J*?! CMOS feel sis. 

7. 

*M 

*<W" 10. 
11. 

^T 1 *^ 12. 
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CMOS fl°H. 

•id 5171- JZ.E-4 ufl # 7 ] 42 #3 *sW7lfc 

#71 *f|i ^ 42 #3 #J: ^ ^j-Hs ©1-q-sl -tlS.1- St^Ai^ife #313: 

#7l i««H ■ jls. a) #71 CMOS SIS. ifl4M *W"3 3. *3&3 ^3*1^.3* #7l CMOS 33-3 

* M^Rr CMOS fe3 $3.3 

#4 

15. 

4l3^°i| StiM-H. #71 £E AH #71 CMOS 33.3 ^£4 »>W*lfe ^4 3 Sfl-fl-.te CMOS 
fee) 33.3 f4 

^t 2 -^ 16. 

#4 
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